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‘‘Biit with regard to thc raaterial world, wc can at 
least go so far as this—wc can perceivc that eveiits are 
hroiight aboiit not by insiilated interpositioiis of Diviiie 
power, exerted iii each pnrticular case, but by thc estab- 
Hshment of gencral laws.” 

WiiEWELL: Bridgcicutcr Trcatise, 


‘^The only distinct raeaning of the word 'natural’ is 
statcdy fìxed or scttled; since wliat is natural as niucli 
requires and presiipposes an intelligent agent to render 
it so, i.e.y to effect it continually or at statcd linies, as 
what Ì3 supernatural or rairaculous docs to effoct it for 
once.^' 

Butler; Analogy of Revealed RcUgion. 


‘‘To conclude, therefore, let no raan out of a weak con- 
ceit of sobriety, or an ill-applied raoderation, think or 
maintain, that a inan can search too far or bc too well 
studied in the book of God’s word, or in the book of 
God’s works; divinity or philosophy; but rather let inen 
endeavour an endless progress or profìcience in both.” 

Bacon: Advancernent of Learning. 


Dotvn, BcckeìiJiam, Kcnt, 

First Edition, Novcmlcr 2U^i, 1859. 
Sixth Edition, January, 1812. 
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INTRODUCTORY NOTE 


CiiARLES Robert Darwin, bovn at Sìirczvshury, Rngland, on 
Fcbruary 12, i8og, camc of a family of rcmarkabìc intellectiial 
distiìiction zvhicìi is still sustaincd in tìic prescnt gcncration. His 
fathcr zvas a siiccessful physician zvith rcmarkablc pozvcrs of 
obscrvation, and his grandfather zvas Erasmns Danvin, thc zvcll- 
knozvn author of ''Tìie Botanic GardcnT Hc zvcnt to school at 
Shrczi^bury, zvhcrc he failcd to profit froin thc strict classical 
curriculum there in force; nor did the regular profcssional 
courscs at Edinburgh Univcrsity, zvhcrc he spcnt tzvo ycars study- 
ing medicinc, succccd in rousing his intercst. In 1827 hc zvas 
cntcrcd at Christ's College, Cambridgc, to stiidy for thc B. A. 
dcgree, prcparaiory to cntering the Church; biit zvhile thcre 
his friendship zvifh Hensìozv, the professor of botany, lcd to his 
cnlarging his general scientific knozvlcdge and finally to his 
joining the expedition of the ''Bcagle'' in the capacity of naturaT 
i'St. From this Darzvin rcturncd aftcr a voyagc of fivc ycars 
zvith a vast first-hand knozvledge of geology and coology, a 
rcputation as a succcssful collcctor, and, most important of all, 
zvith thc germinal idcas of his thcory of cvoiution. Thc next 
fezv ycars zvcrc spent in zvorking up the maicrials he ìiad coT 
lectcd; but his health gavc signs of breaking, and for the rcst 
of his ìife he suffcrcd constantly, but zvithout complaint. IVith 
extraordinary coiirage and endurancc he took up a ìife of 
seclusion and mcthodical rcgularity, and accomplished his colossal 
rcsults in spite of the most scvere physical ìiandicap. He Iiad 
marricd in 1839, and thrcc ycars iatcr he zvithdrczv from London 
to thc littic vìllagc of Dozvn, about 'sixtccn miles out, zvherc he 
spcni thc rcst of his life. His custom, zvhicìi zvas almosf a 
mcthod, zvas to zvork till hc zvas 011 the vcrgc of complctc collapse, 
and ihcn to takc a holiday just sitfficicni to rcstore him to zvorking 
condition. 

As early as 1842 Darzvin had throzvn into roiigh form the out- 
lines of his tlicory of evoìution, biit the enormous cxtcnt of the 
ÌnvVstigatìons he cngaged in for thc purpose of tcsting it led 
to a constant postponing of piiblication. Finally in June, 1858, 
A. R. IVaìlacc scnt him a manuscript containing a statement 
of an ideniical thcory of thc origin of specics, zvhich Iiad bccn 
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arrived at entìrely independently. On the advice of Lyell, the 
geologist, and Hooker, the botanist, IValìace^s paper and a letter 
of Darwin's of the prcvious year, in whìch he had ontUned ìiis 
iheory to Asa Gray, were read together on July i, 1858, anà 
piiblished by the Linnccan Sociefy. In November of the follow- 
ing year '^The Origin of Species'' was published, and the great 
batile zvas begun betzveen the oìd science and the new. This 
work was followed in 1S68 by ìiis ^'Variation of Animals and 
Plants under Domestication,” that in turn by the ^'Descent of 
Man'' in 1871, and that again by *'The Expression of the Emo- 
tions in Man and AnUnaìs.” Each of these books zvas the clabo- 
ration or complement of a section of its predecessor. The later 
years of Darzvin's life wcre chicfiy devoted to botanical research, 
and resultcd in a series of treatises of the highest scientific valne. 
He died at Dozvn on April ig, 1882, and is buried in Westniinster 
Abbey. 

The idea of the evolution of organisms, so far from originating 
with Darwin, is a very old one. Glimpses of it appear in the 
ancient Greek philosophers, especially Empedocles and Aristotle; 
modern philosophy frorn Bacon onward shozvs an increasing 
definiteness in its grasp of the conception; and Ìn the age pre- 
ceding DarzviHs, Buffon, Erasmus Darzvin, and Lamarck had 
given it a fairly concrete expression. As zve approach the date 
of the publicatìon of ^‘The Origin of Species” adherence to the 
doctrine not only by naturalists but by poets, such as Goeiìie, 
becomes comparatively frcquent; and in the six years before the 
joint announcement of Darwin and Wallace, Herbert Spencer 
had been supporting and applying it vigorously in the field of 
psychology. 

To these partial anticipations, however, Darzvm ozved little. 
When he became interestcd in the problem, the doctrine of the 
fixity of species was still generally held; and his solution occurred 
to him mainly as the resìilt of his own observation and thinking. 
Speaking of the voyage of the ^'Beagle,” he says, my return 
home in the autumn of 1836 I immediately began to prepare my 
journal for publication, and then sazv hozv many facts indicated 
the common descent of specìes. ... In Juìy (1837) I opened 
my first note-book for facts in relation to the Origin of Species, 
about which I had long reflected, and never ceascd zvorking for 
the ne.vt twcnty years. . . . Had been greatly struck from about 
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the month of prevìous March on character of South American 
fossils, and species on Galapagos Archlpeìago. Tliese facis 
(especially latter) origin of all my viezcs.'* Again, ''ln October 
(iSjS), tìiat i’S fifteen months after I had begun my systematic 
inquiry, I happened to read for amusement 'Malthus on Popii- 
lation/ and being zvell prepared to apprcciate tJie struggle for 
existence which everywhere goes on from long-continiied ob- 
servatìon of the habits of animals and plants, it at once striick me 
that under these circumstances favorabìe variations would tend 
to be preserved, and unfavorable ones to be destroyed. The 
result of this zvould be the forniation of new species. Here 
then I had at last got a theory by wìiich io workP 
From these statemcnts by Darivin himself we can see hozv far 
it is from being the case that Jie merely gathered tJie ripe fruit 
of the labors of Jiis predecessors. All progress Ìs continiious, 
and Darzvin, like otJier men, bnilt on tJie foundations laid by 
otJiers; but io say iJiis is not to deny him originality in the onJy 
vital ’sense of tJiat zvord. And ihe importance of Jiis contribution 
—in vcrifying tJie doctrine of descent, in interprcting and appJy- 
ing it, and in revealing its bearings on all departments of tJie 
investigation of natiirc—is proved by the fact that Jiis zvork 
opened a nczv epoch in science and pJiilosopJiy. As Huxley said, 
'TVhatever be tJie ultimate verdict of postcrity upon tJiis or tJiat 
opinion zvhich Mr. Darzvin Jias propoundcd; zvhatcvcr adumbra- 
tions or anticipations of Jiis doctrincs may be found in iJie zvrit- 
ings of Jiis predeccssors; thc broad fact remains thai, sincc tJie 
publication and by rcason of tJie publication of ^TJie Origin of 
Species^ the fundamental conccptions and thc aiìus of ihc students 
of living Natiire Jiave bccn completcly cJiangcdT 

TJie prescnt year (1909) has scen tJic ccJebration of the hun- 
dredtJi atiniz'crsary of Davzvuds birth and the fifticth annivcrsary 
of tJie publication of Jiis grcat zvork. Among thc niimcrous e.v- 
pressions of honor and gratltude zvhich tJie zvorld of scicnce Jias 
poured upon Jiis memory, none is more significant than tJie vol- 
uiìie on *^Darzvin and Modcrn Scicnce** zvhich has bcen issucd by 
thc press of his old University of Cambridgc. In tJiis arc coj- 
lected nearly thirty papcrs by tJie Jcadcrs of modcrn scicncc 
dealing witJi tJie infliiencc of Darzvìn iipon z’arious ficlds of 
tJiought and rcscarch, and zvith thc Jatcr dcvcJopnicnts aiid modi- 
fications of his conclusions. Biology, in many diffcrcnt dcpari- 
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vtentSj Anthropology, Geology, Psychology, Philosophy, Soci~ 
ology, Religion, Langiiage, History, and Astronomy are all repre- 
sented, and the vtere enumeration stiggests the colossal nature 
of hls achievement and its results. 

Yet the spirit of the man zvas aUnchst as wonderful as his work. 
His disinterestedness, his modesty, and his ahsolute fairness 
were not only beautiful in themselves, but remain as a proof of 
the importance of character in intellectual labor. Here is his 
ozmi frank and candid summing up of his abilities: ''My success as 
a man of science, whatever this may have amounted to, has been 
dctermined, as far as I can judge, by complex and diversified 
inental qualities and conditions. Of these, the most important 
have been—the love of science—unbounded patiencc in long re- 
flccting over any subjcct—industry in observìng and collecting 
facts—and a fair share of invention as ivell as of common sense. 
With such moderate abilities as I posscss, it is truly surprising 
that I should have influenced to a considerable extent the belief 
of scientific men on some important pointsf* 


AN HISTORICAL SKETCH 


OF THE PROGRESS OF OPIXION ON 
THE ORIGIN OF SPECIES 

PREVIOUSLY TO THE PUBLICATION OF 
THE FIRST EDITION OF THIS WORK 


I wiLL here give a brief sketch of the progress of opinion on 
the Origin of Species. Until recently the great majority of 
naturalists believed that species were iininutable productions, 
and had been separately created. This view has been ably 
maintained by many authors. Some few naturalists, on the 
other hand, have believed that species undergo modification, 
and that the existing forms of life are the descendants by 
true generation of pre-existing forms. Passing over allii- 
sions to the subject in the classical writers,* the first author 
who in modern times has treated it in a scientific spirit was 
Buffon. But as his opinions fluctuated greatly at different 
periods, and as he does not enter on the causes or means of 
the transformation of species, I need not here enter on 
details. 

*Anstotle, in liis * Physicje Auscultationes ’ (lìb. 2 , cap. S, s. 2 ), after 
remarking that rain does not fall in ordcr to make the corn grow, any more 
than it falls to spoil the farmer’s corn when threshed out of doors. aimlies 
the same argument to organisation; and adds (as translated by Mr. Clair 
Grece, who fìrst pointed out the passage to mc), “So what hinders the dif- 
ferent parts [of the body] from having this merely accidental relation in 
nature? as the teeth, for example, grow by necessity, the front ones sharp, 
adaptcd for dividing, and the grinders flat, and scrviceable for masticating 
the food; since they were not made for thc sakc of this, but it was thc 
result of accident. And in like manner as to the other parts in whieh thcre 
appears to exist an adaptation to an end. Whcresoovcr, therefore. all things 
together (that is all the parts of one whole) happened likc as if thcy were 
made for the sake of something, thcse wcre prcserved. having heen appro- 
priatcly constituted by an internal spontaneity; and whatsoevcr things were 
not thus constituted, perished, and still perish.” W'e here see the principle 
of natural selcction shadowed forth, hut how little Aristotlc fully compre- 
hended the principie, is shown by his rcmarks on the formation of Uic teeth. 
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Laniarck was the first man whose conclusions on the 
subject excited much attention. This justly-celebrated nat- 
uralist first published his views in i8oi; he much enlarged 
them in 1809 in his Thilosophie Zoologique/ and subse- 
quently, in 1815, in the Introduction to his ‘Hist. Nat. des 
Animaux sans Vertèbres.' In these works he upholds the 
doctrine that species, including man, are descended from 
other species. He first did the eminent service of arousing at- 
tention to the probability of all change in the organic, as well 
as in the inorganic world, being the result of law, and not of 
miraculous interposition. Lamarck seems to have been chiefly 
led to his conclusion on the gradual change of species, by the 
diflìculty of distinguishing species and varieties, by the almost 
perfect gradation of forms in certain groups, and by the 
analogy of domestic productions. With respect to the means 
of modification, he attributed something to the direct action 
of the physical conditions of life, something to the crossing of 
already existing forms, and much to use and disuse, that is, 
to the efifects of habit. To this latter agency he seems to 
attribute all the beautiful adaptations in nature;—such as the 
long neck of the girafife for browsing on the branches of 
trees. But he likewise believed in a law of progressive de- 
velopment; and as all the forms of life thus tend to progress, 
in order to account for the existence at the present day of 
simple productions, he maintains that such forms are now 
spontaneously generated.* 

Geofifroy Saint-Hilaire, as is stated in his Tife,’ written 
by his son, suspected, as early as 1795, that what we call 
species are various degenerations of the same type. It was 

*■ I have taken the date of the first publication o£ Lamarck from Isid. 
Geoffroy Saint-Hilaire]s _ (‘ Hist. _Nat. Gènèrale,’ tom. ii, p. 405, 1859) 
excellent history of opinion on this subject. In this work a full account is 
given of Buffon's conclusions on the same subject. It is curious how largely 
my grandfather, Dr. Erasmus Darwin, anticipated the views and erroneous 
grounds of opinion of Lamarck in his ‘ Zoonomia ’ (vol. i. pp. 500-510), pub- 
lished in 1794. According to Isid. Geoffroy there is no doubt that_ Goethe 
was an extreme partisan of similar views, as shown in the Introduction to a 
work written in 1794 and 1795, but not published till long afterwards: he 
has pointedly remarked (‘ Goethe als Naturforscher,’ von Dr. Karl Meding, 
s. 34) that the future question for naturalists wiil be how, for instance, 
cattle got their horns, and not for what they are used. It is rather a singu- 
lar instance of the manner in which similar views arise at about the same 
time, that Goethe in Germany, Dr. Darwin in England, and Geoffroy Saint- 
Hilaire (as we^ shall immediately see) in France, came to the same conclu- 
sion on the origin of species, in the years 1794*5. 
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not until 1828 that hc publishccl his conviction that thc samc 
forins havc not bccn perpetiiatccl since the ori^in of all 
thinors. Geoffroy sceins to have reliccl chicfly 011 the condi- 
tion of lifc, or thc ''mondc amhiand' as thc causc of changc. 
He was cautious in drawing conclusions, ancl clicl not believe 
that existin^^ species arc now unclcrgoinì^ inodification; and, 
as his son acids, “C'cst donc un problèine à rèserver 
entièreinent à ravenir, supposè mèmc que ravenir doive avoir 
prise sur lui.’’ 

In 1813, Dr. C. Wells rcad before thc Royal Socicty 
^An Account of a White fcmale, part of whose skin re- 
sembles that of a Negro’ ; but his paper was not published 
until his famous ‘ Two Essays upon Dcw and Single VisioiT 
appearccl in 1818. In this papcr hc clistinctly rccognises thc 
principle of natural selection, ancl this is thc first recognition 
which has been indicatecl ; but he applics it only to the races of 
man, and to ccrtain characters alonc. After remarking that 
negroes and mulattoes cnjoy an iminunity froni certain trop- 
ìcal diseases, he observes, firstly, that all animals tend to vary 
in some degree, and, secondly, that agricultnrists improve 
their domesticated aihinals by selection; and then, he adds, 
but what is done in this latter casc “by art, secms to be clonc 
with equal cfficacy, though more slowly, by naturc, in the 
formation of varietics of mankind, fittcd for the country 
which they inhabit. Of the acciclcntal varieties of man, 
which woulcl occur among the first few and scattercd inhab- 
itants of the micldlc regions of Africa, soine one would be 
better fitted than the othcrs to bear the discascs of the coun- 
try. This race would consequcntly multiply, whilc the others 
would decrease; not only from their inability to sustain the 
attacks of disease, but from thcir incapacity of contending 
with their more vigorous neighbours. The colour of this 
vigorous race I take for granted, froin what has been already 
said, woulcl bc dark. But the same clisposition to forin varie- 
ties still existing, a darker and a darker racc woiild in tlie 
course of time occur: and as the darkest would be the best 
fitted for the climate, this would at lcngth bccoine the most 
prevalent, if not the oiily race. in thc particular country in 
which it had originated.” Me then extcnds thcsc sainc views 
to the whitc inhabitants of coldcr cliinatcs. I am indebtcd 
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to Mr. Rowley, of the United States, for having called my 
attention, through Mr. Brace, to the above passage in Dr. 
Wells’ work. 

The Hon. and Rev. W. Herbert, afterwards Dean of Man- 
chester, in the fourth volume of the ‘ Horticultural Trans- 
actions,^ 1822, and in his work of the ‘Amaryllidaceae’ 
(1837, pp. 19, 339), declares that “ horticultural experiments 
have established, beyond the possibility of refutation, that 
botanical species are only a higher and more permanent class 
of varieties.” He extends the same view to animals. The 
Dean believes that single species of each genus were created 
in an originally highly plastic condition, and that these have 
produced, chiefly by intercrossing, but likewise by variation, 
all our existing species. 

In 1826 Professor Grant, in the concluding paragraph in 
his well-known paper (‘Edinburgh Philosophical Journal,’ 
vol. xiv. p. 283) on the SpongiIIa, clearly declares his belief 
that species are descended from other species, and that they 
become improved in the course of modification. This saine 
view was given in his 55th Lecture, published in the ‘ Lancet ’ 
in 1834. 

In 1831 Mr. Patrick Matthew published his work on ‘Naval 
Timber and Arboriculture,’ in which he gives precisely the 
same view on the origin of species as that (presently to be 
alluded to) propounded by Mr. Wallace and myself in the 
‘Linnean Journal,’ and as that enlarged in the present volume. 
Unfortunately the view was given by Mr. Matthew very brief- 
ly in scattered passages in an Appendix to a work on a difìfer- 
ent subject, so that it remained unnoticed until Mr. Matthew 
himself drew attention to it in the ‘Gardener’s Chronicle,’ on 
April yth, 1860. The differences of Mr. Matthew’s view from 
mine are not of much importance: he seenis to consider that 
the world was nearly depopulated at successive periods, and 
then re-stocked; and he gives as an alternative, that new 
forms may be generated “ without the presence of any mould 
or germ of former aggregates.” I am not sure that I under- 
stand some passages; but it seems that he attributes much 
influence to the direct action of the conditions of life. He 
clearly saw, however, the full force of the principle of natural 
selection. 
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The celebrated geologlst and naturalist, Von BucH, ìn liis 
cxcellent ^ Description Physique des Isles Canaries ’ 
p. 147), clearly expresses his belief that varieties slowly be- 
come changed into permanent species, which are no longer 
capable of intercrossing. 

Rafinesque, in his 'New Flora of North America,’ pub- 
lished in 1836, wrote (p. 6) as follows:—“ All species might 
have been varieties once, and many varieties are gradually 
becoming species by assuming constant and peculiar charac- 
ters;’’ but farther on (p. 18) he adds, “ except the original 
types or ancestors of the genus.” 

In 1843-44 Professor Haldeman (‘ Boston Journal of Nat. 
Hist. U. States,’ vol. iv. p. 468) has ably given the arguments 
for and against the hypothesis of the development and modi- 
fication of species: he seems to lean towards the side of 
change. 

The ^Vestiges of Creation’ appeared in 1844. In the tenth 
and much improved edition (1853) the anonymous author 
says (p. 155) : — “ The proposition determined on after much 
consideration is, that the several series of animated beings, 
from the simplest and oldest up to the highest and most re- 
cent, are, under the providence of God, the results, first, o£ an 
impulse which has been imparted to the forms of Hfe, ad- 
vancing them, in definite times, by generation, through grades 
of organisation terminating in the highest dicotyledons and 
vertebrata, these grades being few in number, and generally 
marked by intervals of organic character, which we find to 
be a practical difficulty in ascertaining affinities; sccond, of 
another impulse connected with the vital forces, tending, in 
the course of generations, to modify organic structures in 
accordance with external circumstances, as food, the nature 
of the habitat, and the meteoric agencies, these being the 
‘ adaptations ’ of the natural theologian." The author ap- 
parently believes that organisation progresses by suddcn 
leaps, but that the effects produced by the conditions of life 
are gradual. He argues with much force on general grounds 
that species are not immutable productions. But I cannot see 
how the two supposed ‘‘ impulses ” account in a scicntific 
sense for the numerous and beautiful co-adaptations whicli 
\ve see throughout nature; I cannot see that wc thus gain 
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any insight how, for instance, a woodpecker has become 
adapted to its peculiar habits of life. The work, from its 
powerful and brilliant style, though displaying in the earlier 
editions little accurate knowledge and a great want of 
scientific caution, immediately had a very wide circulation. 
In my opinion it has done excellent service in this country in 
calling attention to the subject, in removing prejudice, and 
in thus preparing the ground for the reception of analogous 
views. 

In 1846 the veteran geologist M. J. d’Omalius d’Halloy 
published in an excellent though short paper ('BuIletins de 
TAcad. Roy. Bruxelles,’ tom. xiii. p. 581) his opinion that 
it is more probable that new species have been produced by 
descent with modification than that they have been separately 
created: the author first promulgated this opinion in 1831. 

Professor Owen, in 1849 ('Nature of Limbs,’ p. 86), 
wrote as follows:—^‘The archetypal idea was manifested in 
the flesh under diverse such modifications, upon this planet, 
long prior to the existence of those animal species that 
actually exemplify it. To what natural laws or secondary 
causes the orderly succession and progression of such organic 
phenomena may have been committed, we, as yet, are ìgno- 
rant.” In his Address to the Brìtish Association, in 1858, 
he speaks (p. li.) of ‘'the axiom of the continuous operation 
of creative power, or of the ordained becoming of living 
things.’' Farther on (p. xc.), after referring to geographical 
distribution, he adds, “These phenomena shake our confi- 
dence in the conclusion that the Apteryx of New Zealand 
and the Red Grouse of England were dìstinct creations in and 
for those islands respectively. Always, also, it may be well 
to bear in mind that by the word " creation ’ the zoologist 
means ' a process he knows not what’ He amplifies this 
idea by adding that when such cases as that of the Red 
Grouse are enumerated by the zoologist as evidence of dis- 
tinct creation of the bird in and for such islands, he chiefly 
expresses that he knows not how the Red Grouse came to be 
there, and there exclusively; signìfying also, by this mode of 
expressing such ignorance, his belief that both the bird and 
the islands owed their origin to a great first Creative Cause.*' 
If we interpret these sentences given in the same Address, 
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one by tbe othcr, it appears that ihis cmincnt pliilosoplicr fclt 
in 185S his confidcnce shaken that thc Apteryx ancl thc Ued 
jGroiise first appeared in their respcctive lionics, “he knew 
not how,” or by some process “he knew not what.” 

This Address was delivered aftcr the papers by IMr. W'al- 
lacc and myself on the Origin of Spccies, prcscntly to be 
referrcd to, had been rcad bcfore the Linnean Society. Wdien 
the first edition of this work was publishcd, 1 was so com- 
pletely deceived, as were many others, by such cxpressions as 

the continuous operation of creative power,” that I included 
Professor Owen with other pala^ontologists as bcing firmly 
convinccd of the immutability of species; but it appears 
(‘Anat. of Vcrtebrates,’ vol. iii. p. 796) that this was 011 my 
part a preposterous error. In the last cdition of this work 
I inferred, and the inference still scenis to me pcrfectly just, 
from a passage beginning with the words “ no doubt the type- 
form,"' 8 zr, (Ibid. vol. i. p. xxxv.). that Professor Owen 
admitted that natural selection may have done something in 
the formation of a new species; but this it appears (Ibid. vol. 
iii. p. 798) is inaccurate and without evidcnce. I also gave 
some extracts from a corrcspondcncc bctwecn Professor 
Owen and the Editor of the ' London Rcvicw,’ from which it 
appearcd manifest to the Editor as well as to myself, that 
Professor Owen claimed to havc promulgated thc theory of 
natural selcction before I had done so; and I expressed my 
surprise and satisfaction at this announcenient; but as far 
as it is possible to iinderstand certain recently published pas- 
sages (Ibid. vol. iii. p. 798) I have either partially or wholly 
again fallen into error. It is consolatory to mc that othcrs 
find Profcssor Owen’s controvcrsial writings as difficult to 
understand and to rcconcilc with cacli other, as I do. As far 
as the mere enunciation of thc principle of natural sclection 
is concerncd, it is quitc immaterial wlicther or not Professor 
Owcn preccded me, for both of us, as shown in this histori- 
cal sketch, were long ago prccedcd by Dr. V'clls and Mr. 
Matthcws. 

M. Isidorc GeofTroy Saint-Hilairc, in his Iccturos delivered 
in 1850 (of which a Rcsume appcarcd in tlic ‘Revuc ct Mag. 
do Zoolog.,’ Jan. 1851), briefiy gives his rcason for bclicving 
that specific characters ‘'sont fixes, pour cha^pie cspèce, taiit 
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qu’elle se perpètue ou milieu des mèmes circonstances: ils se 
modifient, si les circonstances ambiantes viennent à changer.” 
"‘En rèsumè, rchservation des animaux sauvages dèmontre 
dèjà la variabilitè limitèe des espèces. Les expèrienees sur 
les animaux sauvages devenus domestiques, et sur les ani- 
maux domestiques redevenus sauvages, la dèmontrent plus 
clairement encore. Ces mèmes expèriences prouvent, de 
plus, que les diffèrences produites peuvent ètre de valenr 
gènèriqtie” In his ‘ Hist. Nat. Gènèrale' (tom iì. p. 340, 
1859) he amplifies analogous conclusions. 

From a circular lately issued it appears that Dr. Freke, in 
1851 ('Dublin Medical Press,’ p. 322), propounded the doc- 
trine that all organic beings have descended from one pri- 
mordial form. His grounds of belief and treatment of the 
subject are wholly different from mine; but as Dr. Freke 
has now (1861) published his Essay on the 'Origin of Spe- 
cies by means of Organic Affinity,' the difficult attempt to 
give any idea of his views would be superfluous on my part. 

Mr. Herbert Spencer, ìn an Essay (originally published in 
the Xeader/ March, 1852, and republished in his ^Essays,' in 
1858), has contrasted the theories of the Creation and the 
Development of organic beings with remarkable skill and 
force. He argues from the analogy of domestic productions, 
from the changes which the embryos of many species under- 
go, from the difficulty of distinguishing species and varie- 
lies, and from the principle of general gradation, that species 
liave been modified; and he attributes the modification to 
the chaiige of circumstances. The author (1855) has also 
treated Psychology on the principle of the necessary acquire- 
ment of each mental power and capacity by gradation. 

In 1852 M. Naudin, a distinguished botanìst, expressly 
slated, in an admirable paper on the Origin of Species 
(‘Revue Horticole,’ p. 102; since partly republished in the 
‘Nouvelles Archives du Mnsèum,^ tom. i. p. 171), his belief 
that species are formed in an analogous manner as varieties 
are nnder cultivation; and the latter process he attributes to 
man’s power of selection. But he does not show how selec- 
tion acts under nature. He believes, like Dean Herbert, that 
species, when nascent, were raore plastic than at present. 
He lays weight on what he calls the principle of finality; 
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‘'puissance mystèrieuse, indèterminèe ; fatalitè pour les uns; 
pour les autres, volontè providentielle, dont raction inces- 
sante sur les ètres vivants dètermine, à toutes les èpoques de 
Texistence du monde, la forme, le volume, et la durèe de 
chacun d’eux, en raison de sa destinèe dans Torde de choses 
dont il fait partie. C’est cette puissance qui harmonise 
cliaque membre à l’ensemble, en l’appropriant à la fonction 
qu’il doit remplir dans l'organisme gènèral de la nature, fonc- 
tion qui est pour lui sa raison d’ètre.”* 

In 1853 a celebrated geologist, Count Keyserling ('Bulletin 
de la Soc. Gèolog.,^ 2nd Ser., tom. x. p. 357), suggested that 
as new diseases, supposed to have been caused by somc 
miasma, have arisen and spread over the world, so at certain 
periods the germs of existing species may have been chem- 
ically afìfected by circumambient molecules of a particular 
nature, and thus have given rise to new forms. 

In this same year, 1853, Dr. Schaaffhausen published an 
excellent pamphlet (‘Verhand. des Naturhist. Vereins der 
Preuss. Rheinlands,' &c.), in which he maintains the devel- 
opment of organic forms on the earth. He infers that many 
species have kept true for long periods, whereas a few have 
become modifìed. Thc distinction of species he explains by 
the destruction of interniediate graduated forms. “Thus 
living plants and animals are not separated froni the extinct 
by new creations, but are to be regarded as their descendants 
through continued reproduction.” 

A well-known French botanist, M. Lecoq, writes in 1854 
(‘Etudes sur Gèograph. Bot.,’ tom. i. p. 250), ^‘On voit que 
nos recherches sur la fixitè ou la variation de I’espèce, nous 
conduisent directement aux idèes èmises, par deux hommes 
justement cèlèbres, Geoffroy Saint-Hilaire et Goethe.’’ Some 


* From references in Bronn’s ‘ Untersuchimgen ùbcr die Entwickelungs- 
Gesetze,’ it appcars that the celebrated botanist and pah'contologist Unger 
published, in 1852, his belìcf that species undergo development and modifi- 
eation. Dalton, likewìse, in Pander and Dalton’s work on Fqssil Sloths, ex- 
pressed, in 1821, a similar belief. Similar views have, as^ is well known, 
been maintaincd by Oken in his mystìcal ‘ Natur-Pliilosophic.’ From other 
rcferences in Godron’s work ‘ Sur I’Espèce,’ it seems that Bory St. Vincent, 
Burdach, Poiret, and Fries, have all admitted that new species are con- 
tinually being produced. 

I may add, that of the thirty-four authors named in this Ilìstorical Skcteh, 
who bclieve in the modification of species, or at lcast disbelieve in scparate 
acts of creation, twenty-seven havc writteii on special branches of natural 
history or geology. 


18 


HISTORICAL SKETCH 


other passages scattered through M. Lecoq’s large work, 
make it a little doubtful how far he extends his views on the 
niodification of species. 

The ‘Philosophy of Creation’ has been treated in a mas- 
terly manner by the Rev. Baden Powell, in his ‘Essays on the 
Unity of Worlds,^ 1S55. Nothing can be more striking than 
the manner in which he shows that the introduction of new 
species is “a regular, not a casual phenomenon,” or, as Sir 
John Herschel expresses it, “a natural in contradistinction to 
a miraculous process.” 

The third volume of the ‘Journal of the Linnean Society^ 
contains papers, read July ist, 1858, by Mr. Wallace and my- 
self, in which, as stated in the introductory remarks to this 
volume, the theory of Natural Selection is promulgated by 
Mr. Wallace with admirable force and clearness. 

Von Baer, towards whom all zoologists feel so profound a 
respect, expressed about the year 1859 Prof. Rudolph 

Wagner, ‘Zoologisch-Anthropologische Untersuchungen,’ 
1861, s. 51) his conviction, chiefly grounded on the laws of 
geographical distribution, that forms now perfectly distinct 
have descended from a single parent-form. 

In June, 1859, Professor Huxley gave a lecture before the 
Royal Institution 011 the ‘Persistent Types of Animal Life/ 
Referring to such cases, be remarks, ‘Tt is difficult to com- 
prehend the meaning of such facts as these, if we suppose 
that each species of animal and plant, or each great type of 
organisation, was formed and placed upon the surface of the 
globe at long intervals by a distinct act of creative power; 
and it is well to recollect that such an assumption is as un- 
supported by tradition or revelation as it is opposed to the 
gcneral analogy of naturc. If, on the other hand, we view 
‘Persistent Types’ in relation to that hypothesis which sup- 
poses the specics living at any time to be the result of the 
gradual modification of pre-existing species a hypothesis 
which, though unproven, and sadly damaged by some of its 
supporters, is yet the only one to which physiology lends any 
countenancc; Iheir existence would seem to show that the 
amount of modification which living beings have undergone 
diiring geological time is but vcry small in relation to the 
whole series of changcs which they have sufYered.’^ 
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In December, 1859, Hookcr published his Tntroduction 
to the Australian Flora.’ In thc first part of this grcat work 
he admits the truth of the descent and modification of spc- 
cies, and supporls this doctrine by many original obscrva- 
tions. 

The first edition of this work was publishcd 011 Novcmber 
24th, 1859, and the second edition on January yth, 1860. 




INTRODUCTION 


When on board ‘Beagle,’ as naturalist, I was much struck 

with certain facts in the distribution of the organic beings in- 
habiting South America, and in the geological rclations of the 
present to the past inhabitants of that continent. These facts, as 
will be seen in the latter chapters of this volume, seemed to throw 
some light on the origin of species—that niystcry of mystcries, as 
it has been called by one of our grcatest philosophers. On my 
return home, it occurred to mc, ìn 1837, that somcthing might 
perhaps be made out on this question by paticntly accumulating 
and reflecting on all sorts of facts which could possibly have any 
bcaring on it. After five years’ work I allowed myself to specu- 
latc on the subject, and drew up soine short notcs; these I 
enlarged in 1844 into a sketch of the conclusions, which thcn 
seemed to me probable; from that period to the prescnt day I 
have steadily pursued the same objcct. I hope that l may be 
excused for entering on these personal details, as I give them to 
show that 1 have not been hasty in coming to a decision. 

My work is now (1859) nearly finished; but as il will take me 
many morc years to complete it, and as my health is far from 
strong, I have been urged to publish this Abstract. I have more 
especially been induced to do this, as IMr. Wallace, who is now 
studying the natural history of thc ÌMalay archipelago, has arrived 
at almost exactly the same general conclusions that I have on the 
origin of species. In 1858 he sent mc a memoir on this subject, 
with a request that I would forward it to Sir Charles Lyell, who 
sent it to the Linnean Sociely, and it is publishcd in the third 
volume of the Journal of that Socicty. Sir C. L\^ell and Dr. 
Hooker, who both knew of my work—the latter having read my 
sketch of 1844—honoured me by thinking it advisablc to publish, 
with Mr. Wallace’s excellcnt memoir, some brief extracts from 
my nianuscripts. 

This Abstract, which I now publish, must necessarily be im- 
perfect. I cannot here give refercnccs and authorities for my 
sevcral statements; and I must trust to the reader reposing some 
confidencc ìn my accuracy. No doubt crrors will have crcpt in, 
though 1 hopc I have always bccn cautious in trusting to good 
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authorities alone. I can here give only the general conclusions at 
which I have arrived, with a few facts in illustration, but which, 
I hope, in most cases will suffice. No one can feel more sensible 
than I do of the necessity of hereafter publìshing in detail all the 
facts, with refercnces, on which my conclusions have been 
grounded; and I hope in a future work to do this. For I am 
well aware that scarcely a single point is discussed in this volume 
on which facts cannot be adduced, often apparently leading to 
conclusions directly opposite to those at which I have arrived. 
A fair result can be obtained only by fully stating and balancing 
the facts and arguments on both sides of each question; and this 
is here impossible. 

I much regret that want of space prevents my having the satis- 
faction of acknowledging the generous assistance which I have 
received from very many naturalists, some of them personally 
unknown to me. I cannot, however, let this opportunity pass 
without expressing my deep obligations to Dr. Hooker, who, for 
the last fifteen years, has aided me in every possible way by his 
large stores of knowledge and his excellent judgment, 

In considering the Origin of Species, it is quite conceivable that 
a naturalist, reflecting on the mutual affinities of organic beings, 
on their embryological relations, their geographìcal distribution, 
geological succession, and other such facts, might come to the con- 
clusion that species have not been independently created, but had 
descended, like varieties, from other species. Nevertheless, such 
a conclusion, even if well founded, would be unsatisfactory, until 
it could be shown how the innumerable species inhabiting this 
world have been modified, so as to acquire that perfection of 
structure and coadaptation which justly excites our admiration. 
Naturalists continually refer to external conditions, such as 
climate, food, etc., as the only possible cause of variation. In one 
limited sense, as we shall hereafter see, this may be true; but 
it is preposterous to attribute to mere external conditions, the 
structure, for instance, of the woodpecker, with its feet, tail, beak, 
and tongue, so admirabl}" adapted to catch insects under the bark 
of trees. In the case of the mistletoe, which draws its nourish- 
ment from certain trees, which has seeds that must be trans- 
ported by certain birds, and which has flowers with separate 
sexes absolutely requiring the agency of certain insects to bring 
pollen from one flower to the other, it is equally preposterous to 
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account for the structiire of this parasite, with its relations to 
several distinct organic beings, by the effccts of cxlcrnal condi- 
tions, or of habit, or of the volition of the plant itsclf. 

It is, therefore, of the highest importance to gain a clear in- 
sight into the means of modification and coadaptation. At thc 
commcncement of my observations it seemcd to me probable that 
a careful study of domesticated animals and of cultivated plants 
would offer the best chance of making out this obscurc problem. 
Nor have I been disappointed; in this and in all other perplcxing 
cases I have invariably found that our knowledge, imperfect 
though it be, of variation under domestication, afìforded the best 
and safest clue. I may vcnture to express my conviction of the 
high value of such studies, although they have been very com- 
monly neglected by naturalists. 

From these considerations, I shall devote the first chapter of 
this Abstract to Variation under Domestication. We shall thus 
see that a large amount of hereditary modification is at least pos- 
sible; and, what is equally or more important, we shall see how 
great is the power of man in accumulating by his Selection suc- 
cessive slight variations. I will then pass on the variability of 
species in a state of nature; but I shall, unfortunately, be 
compelled to treat this subject far too briefly, as it can be treated 
properly only by giving long catalogues of facts. We shall, how- 
ever, be enabled to discuss what circumstances are most favour- 
able to variation. In tlie next chapter the Struggle for Existence 
amongst all organic beings throughout the world, which inevitably 
follow^s from the high geometrical ratio of their increase, will be 
considered. This is the doctrine of Malthus, applied to the whole 
animal and vegetable kingdoms. As many more individuals of 
each species are born than can possibly survìve; and as, conse- 
quently, there is a frequently recurrent struggle for existence, it 
follows that any being, if it vary however slightly in any manner 
profitable to itself, under the complex and sometimes varying con- 
ditions of life, will have a better chance of surviving, and thus be 
nafurally sclected. From the strong principle of inheritance, any 
selected varicty will tend to propagate its new and modified form. 

This fundamental subject of Natural Selection will be treated 
at some length in the fourth chaptcr; and we shall tlicn see how 
Natural Selection almost inevitably causes much Extinction of the 
less improved forms of life, and leads to what I have called Diver- 
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gence of Character. In the next chapter I shall discuss the com- 
plex and little known laws of variation. In the five succeeding 
chapters, the most apparent and gravest difficulties in accepting 
the theory will be given: namely, first, the difficulties of transi- 
tions, or how a simple being or a simple organ can be changed 
and perfected into a highly developed being or into an elaborately 
constructed organ; secondly, the subject of Instinct, or the mental 
powers of animals; thirdly, Hybridism, or the infertility of species 
and the fertility of varieties when intercrossed; and fourthly, the 
imperfection of the Geological Record. In the next chapter I 
shall consider the geological succession of organic beings through- 
out time; in the twelfth and thirteenth, their geographical distri- 
bution throughout space; in the fourteenth, their classification or 
mutual affinities, both when mature and in an embryonic condi- 
tion. In the last chapter I shall give a brief recapitulation of the 
whole work, and a few concluding remarks. 

No one ought to feel surprise at much remaining as yet unex- 
plained in regard to the origin of species and varieties, if he make 
due allowance for our profound ignorance in regard to the mutual 
relations of the many beings which live around us. Who can 
explain why one species ranges widely and is very numerous, and 
why another allied species has a narrow range and is rare? Yet 
these relations are of the highest importance, for they determine 
the present welfare, and, as I believe, the future success and 
modification of every inhabitant of this world, Still less do we 
know of the mutual relations of the innumerable inhabitants of 
the world during the many past geological epochs in its history. 
Although much remains obscure, and will long remain obscure, I 
can entertain no doubt, after the most deliberate study and dis- 
passionate judgment of which I am capable, that the view which 
most naturalists until recently entertained, and which I formerly 
entertained—namely, that each species has been independently 
created—is erroneous. I am fully convinced that species are not 
immutable; but that those belonging to what are called the same 
genera are lineal descendants of some other and generally extinct 
species, in the same manner as the acknowledged varieties of any 
one species are the descendants of that species. Furthermore, I 
am convinced that Natural Selection has been the most important, 
but not the exclusive, means of modification. 
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CHAPTER I 

Variation under Domestication 


Causes of variability—Effects of habit and the nse or disuse of parts— 
Correlated variation—Inheritance—Character of domestic varie- 
ties—Difficulty of distinguishing between varieties and species— 
Origin of domestic varieties from one or more species—Domestic 
pigeons, their differences and origin—Principles of selection, an- 
ciently followed, their effects—Methodical and unconscious 
selection—Unknown origin of our domestic productions—Circum- 
stances favourable to man’s power of selection 


CAUSES OF VARIABILITY 


W HEN we compare the individuals of the same 
variety or sub-variety of our older cultivated plants 
and animals, one of the fìrst points which strikes 
us is, that they generally dìffer more from cach other than 
do the individuals of any one species or variety in a state of 
nature. And if we reflect on the vast diversity of the plants 
and animals which have been cultivated, and which have 
varied during all ages under the most different climates and 
treatment, we are driven to conclude that this great varia- 
bility is due to our domestic productions having been raised 
imder conditions of life not so uniforni as, and somewhat 
difìferent from, those to which the parent specics had been 
exposed under nature. There is, also, some probability in 
the view propounded by Andrew Knight, that this variability 
may be partly connectcd with excess of food, It seems clear 
that organic beings must be exposed during several genera- 
tions to new conditions to cause any great amount of varia- 
tion; and that, when the organisation has once begnn to 
vary, it generally coniinues varying for many generations. 
No case is on record of a variable organism ccasing to vary 
under cultivation. Our oldest cultivated plants, such as 
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wheat, still yield new varieties: our oldest domesticated ani- 
mals are still capable of rapid improvement or modification. 

As far as I am able to judge, after long attending to the 
subject, the conditions of life appear to act in two ways,— 
directly on the whole organisation or on certain parts alone, 
and indirectly by affecting the reproductive system. With re- 
spect to the direct action, we must bear in mind that in every 
case, as Professor Weismann has lately insisted, and as I have 
incidentally shown in my work on ‘Variation under Domesti- 
cation," there are two factors; namely, the nature of the 
organism, and the nature of the conditions. The former 
seems to be niuch the more important; for nearly similar 
variations sometimes arise under, as far as we can judge, 
dissimilar conditions; and, on the otlier hand, dissimilar 
variations arise under conditions which appear to be nearly 
uniform. The effects on the offspring are either definite or 
indefinite. They may be considered as definite when all or 
nearly all the offspring of individuals exposed to certain 
conditions during several generations are modified in the 
same manner. It is extremely difficult to come to any con- 
clusion in regard to the extent of the changes which have 
bcen thus definitely induced. There can, however, be little 
doubt about many slight changes,—such as size from the 
amount of food, colour from the nature of the food, thick- 
ness of the skin and hair from climate, etc. Each of the 
endless varfations which we see in the plumage of our fowls 
must have had some efficient cause; and if the same cause 
were to act uniformly during a long series of generations oii 
many individuals, all probably would be modified in the 
same manner. Such facts as the complex and extraordinary 
out-growths which variably follow from the insertion of a 
minute drop of poison by a gall-producing insect, show us 
what singular niodifications might result in the case of plants 
from a chemical change in the nature of the sap. 

Indefinite variability is a much more common result of 
changed conditions than definite variability, and has prob- 
ably played a more important part in the formation of our 
domestic races. We see indefinite variability in the endless 
slight peciiliarities which distinguish the individuals of the 
same species, and which cannot be accounted for by inher- 
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ilance from either parcnt or from some more remfjtc anccs- 
tor. Even strongly-marked differences occasioiially appear 
in the young of the same litter, and in seedlings from the 
same seed capsulc. At long intervals of time, out of millions 
of individuals reared in the same country and fed on nearly 
the same food, deviations of structure so strongly pro- 
notinced as to deservc to be called monstrosilies arise; but 
inonstrosities cannot be separated by any distinct line from 
slightcr variations. AIl such changes of structure, whethcr 
extremely slight or strongly markcd, which appear amongst 
many individuals liting together, may bc considered as tlie 
indefìnite cffects of the conditions of life on each individual 
organisni, in nearly the same manner as the chill affects dif- 
ferent men in an indefinite manner, according to their state 
of body or constitution, causing coughs or colds, rheumatism, 
or inflammation of various organs. 

With respect to what I have called the indirect action of 
changed conditions, namely, through the reproductive sys- 
tem of being affected, we may infer that variability is thus 
induced, partly froni the fact of thìs system bcing extremely 
sensitive to any change in the conditions, and partly 

from the similarity, as Kòlreuter and others have re- 
markcd, between the variability which follows from the 
crossing of distinct species, and that which may be ob- 
served with plants and animals when reared under new 

or unnatural conditions. Many facts clearly show how 

eminently susceptible the reproductive system is to verv 

slight changes in the surrounding conditions. Nothing is 
more easy than to tame an animal, and few things more difìì- 
cult than to get it to breed freely under confinement, even 
when the male and female unite. How many animals there 
are which will not breed, though kcpt in an almost frce state 
in their native country! This is generally, but crroneously, 
attributed to vitiated instincts. Many cultivated plants dis- 
play the utmost vigour, and yet rarely or never seed I In 
some few cases it has been discovered that a very trifling 
change, such as a little more or less water at some particular 
period of growth, will determine whether or not a plant will 
produce seeds. I cannot here giv^e the details which 1 have 
collected and elsewhere publishcd on this curious subject; 
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but to show how singular the laws are whlch 3etermme the' 
reproduction of animals under confinement, I may mention 
that carnivorous antmals, even from the tropics, breed in 
this country pretty freely under confinement, with the excep- 
tion of the plantigrades or bear family, which seldom pro- 
duce young; whereas carnivorous birds, with the rarest ex- 
ceptioiis, hardly ever lay fertile eggs. Many exotic plants 
have pollen utterly worthless, in the same condition as in the 
most sterile hybrids. When, on the one hand, we see domes- 
ticated animals and plants, though often weak and sickly, 
breeding freely under confinement; and when, on the other 
hand, we see individuals, though taken young from a state o£ 
iiature perfectly tamed, long-lived and healthy (of which I 
could give numerous instances), yet, having their repro- 
ductive system so seriously affected by unperceived causes as 
to fail to act, we need not be surprised at this system, wheii 
it does act under confinement, acting irregularly, and pro- 
ducing offspring somewhat unlike their parents. I may add, 
that as some organisms breed freely under the most unnat- 
ural conditions (for instance, rabbits and ferrets kept in 
hutches), showing that their reproductive organs are not 
easily affected; so will sonie animals and plants withstand 
domestication or cultivation, and vary very slightly—per- 
haps hardly more than in a state of nature. 

Some naturalists have maintained that all variations are 
connected with the act of sexual reproduction; but this is 
certainly an error; for I have given in another work a long 
list of “sporting plants,” as they are called by gardeners;—• 
that is, of plants which have suddenly produced a single bud 
with a new and sometimes widely different character from 
that of the other btids on the same plant. These bud-varia- 
tions, as they may be named, can be propagated by grafts, 
offsets, etc., and sometimes by seed. They occur rarely 
under nature, but are far from rare under culture. As a 
single bud out of the many thousands, produced year after 
year on the same tree under uniform conditions, has been 
known suddenly to assume a new character; and as buds on 
distinct trees, growing under different conditions, have some- 
times yielded nearly the same variety—for instance, buds on 
peach-trees producing nectarines, and buds on common roses 


VARIATION UNDER DOMESTICATION 


29 


producing moss-roses—we clearly see Ihat the nature of the 
condition is of subordinate importance in comparison with 
the nature of the organism in determining each particular 
form of variation—perhaps of not more importancc than thc 
nature of the spark, by which a mass of combustible matter 
is ignited, has in detcrmining the nature of the flamcs. 

EFFECTS OF HABIT AND OF TIIE USE OR DISUSE OF PARTS; 

CORRELATED VARIATION ; INIIERITANCE 

Changed habits produce an inherited efìfect, as in thc pe- 
riod of the fìowering of plants whcn transported from one 
climate to another. With animals thc increased use or dis- 
use of parts has had a more marked influcnce; thus I find in 
the domestic duck that the bones of the wing wcigh less and 
the bones of the leg more, in proportion to the whole skele- 
ton, than do the same bones in the wild duck; and this 
change may be safely attributed to the domestic duck flying 
much less, and walking more, than its wild parcnts. The 
great and inherited development of the udders in cows and 
goats in countries where they are habitually milked, in com- 
parison with these organs in other countries, is probably 
another instance of the efifects of use. Not onc of our do- 
mestic animals can be named which has not in some country 
drooping ears; and the view which has been suggested that 
the drooping is due to disuse of the muscles of the ear, from 
the animals being seldom much alarmed, scems probable. 

Many laws regulate variation, some few of which can be 
dimly seen, and will hereafter be briefly disciisscd. I will 
here only allude to what may be called correlated variation. 
Important changes in the enibryo or larva will probably en- 
tail changes in the mature animal. In monstrosities, the 
correlations between quite distinct parts are very curious; 
and many instances arc given in Isidore Gcoffroy St. 
Hilaire’s great work on this subject. Brceders belicve that 
long limbs are almost always accompanicd by an elongated 
head. Some instances of corrclation are qiiitc whimsical: 
thus cats which are entirely white and have blue eyes are 
generally deaf; but it has becn lately statcd by ^lr. Tait that 
this is confined to the males. Colour and constitutional pecti- 
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liarìties go together, of which many remarkable cases could 
be given amongst animals and plants. From facts collected 
by Heusinger, it appears that white sheep and pigs are in- 
jured by certain plants, whilst dark-coloured individuals es- 
cape; Professor Wyman has recently communicated to me 
a good illustration of this fact; on asking some farmers in 
Virginia how it was that all their pigs were black, they in- 
formed him that the pigs ate the paint-root (Lachnanthes), 
which colored their bones pink, and which caused the hoofs 
of all but the black varieties to drop off; and one of the 
^'crackers^’ {ix, Virginia squatters) added, ‘Sve select the 
black members of a litter for raising, as they alone have a 
good chance of living.’’ Hairless dogs have imperfect teeth; 
long-haired and coarse-haired animals are apt to have, as is 
asserted, long or many horns; pigeons with feathered feet 
have skin between their outer toes; pigeons with short beaks 
have small feet, and those with long beaks large feet. Hence 
if man goes on selecting, and thus augmenting, any pecu- 
liarity, he will almost certainly modify unintentionally other 
parts of the structure, owing to the mysterious laws of cor- 
relation. 

The results of the various, unknown, or but dimly under- 
stood laws of variation are infinitely complex and diversified. 
It is well worth while carefully to study the several treatises 
on some of our old cultivated plants, as on the hyacinth, 
potato, even the dahlia, etc.; and it is really surprising to 
note the endless points of structure and constitution in which 
the varieties and sub-varieties differ slightly from each 
other. The whole organisation seems to have become 
plastic, and departs in a slight degree from that of the 
parental type. 

Any variation which is not inherited is unimportant for 
us. But the number and diversity of inheritable deviations 
of structure, both those of slight and those of considerable 
physiological importance, are endless. Dr. Prosper Lucas’s 
treatise, in two large volumes, is the fullest and the best on 
this subject. No breeder doubts how strong is the tendency 
to inheritance; that like produces like is his fundamental be- 
lief: doubts have been thrown on this principle only by theo- 
retical writers. When any deviation of structure often 
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appears, and we sce it in the fathcr and child, \vc cannot tcH 
whether it may not be due to thc same causc haviiig actcd on 
both; but when amongst individuals, apparently cxposed to 
the same conditions, any vcry rare deviation, diic to somc 
extraordinary combination of circumstances, appears in the 
parent—say, once amongst several million individuals—and 
it reappears in the child, the mere doctrine of chances almost 
coinpels us to attribute its reappearance to inheritance. 
Evcry one must have heard of cases of albinism, prickly 
skin, hairy bodies, etc., appearing in several members of the 
same fainily. If strange and rare deviations of structure are 
really inheritcd, less strangc and commoncr deviations may 
be freely admitted to bc inheritable. Perhaps the correct 
way of viewing the whole subject would be, to look at thc 
inheritance of every character whatever as the rule, and 
non-inheritance as the anomaly. 

The laws governing inheritance arc for the most part 
uiiknown. No one can say why thc same peculiarity in dif- 
ferent individuals of the samc species, or in different species, 
is sometimes inherited and sometimes not so; why the child 
often reverts in certain characters to its grandfather or 
grandmother or more remote ancestor; why a peculiarity is 
often transmittcd from one scx to both sexes, or to one scx 
alone, more commonly but not exclusively to the like sex. 
It is a fact of some importance to us, that peculiarities ap- 
pearing in the malcs of our domestic breeds arc often trans- 
mitted, either exclusively or in a much greater degree, to 
the males alone. A much more important rule, which I 
think may be trusted, is that, at whatever pcriod of life a 
peculiarity first appears, it tends to reappcar in thc offspring 
at a corresponding age, though sometimes earlicr. In many 
cases this could not be otherwise; thus the inherited pecu- 
liarities in the horns of cattlc could appear only iii the off- 
spring when nearly mature; pcculiarities in the silkworm 
are known to appear at the corresponding caterpillar or 
cocoon stage. But hereditary diseases and some other facts 
make me believe that the rulc has a wider extension, and 
that, when there is no apparent reason why a pcculiarily 
should appcar at any particular agc, yet that it does tend to 
appear in the offspring at the same pcriod at which it first 
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appeared in the parent, I believe this rule to be o£ the 
highest importance in explaining the laws of embryology. 
These remarks are of course confined to the first appearance 
of the peculiarity, aiid not to the primary cause which may 
have acted on the ovules or on the male element; in nearly 
the same manner as the increased length of the horns in 
the offspring from a short-horned cow by a long-horned 
bull, though appearing late in life, is clearly due to the male 
element. 

Having alluded to the subject of aversion, I may here 
refer to a statement often made by naturalists—namely, 
that our domestic varieties, when run wild, gradually but 
invariably revert in character to their aboriginal stocks. 
Hence it has been argued that no deductions can be drawn 
from domestic races to species in a state of nature. I have 
in vain endeavoured to discover on what decisive facts the 
above statement has so often and so boldly been made. 
There would be great difficulty in proving its truth: we may 
safely conclude that very many of the most strongly marked 
domestic varieties could not possibly live in a wild state. 
Tn many cases we do not know what the aboriginal stock 
was, and so could not tell whether or not nearly perfect re- 
version had ensued. It would be necessary, in order to pre- 
vent the efìfects of intercrossing, that only a single variety 
should have been turned loose in its new home. Neverthe- 
less, as our varieties certainly do occasionally revert in some 
of their characters to ancestral forms, it seems to me not 
improbable that if we could succeed in naturalising, or were 
to cultivate, during many generations, the several races, for 
instance, of the cabbage, in very poor soil (in which case, 
however, some efìfect would have to be attributed to the 
definite action of the poor soil), that they would, to a large 
extent, or even wholly, revert to the wild aboriginal stock. 
Whether or not the experiment would succeed, is not of 
great importance for our line of argument; for by the ex- 
periment itself the conditions of life are changed. If it 
could be shown that our domestic varieties manifested a 
strong tendency to reversion,—that Ìs, to lose their acquired 
characters, whilst kept under the same conditions, and whilst 
kept in a considerable body, so that free intercrossing might 
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check, by blending togetlier, any slight deviations Ìn their 
structure, in such case, I grant that we could deducc nothing 
froni domestic varicties in regard to species. But there is 
not a shadow of evidencc in favour of this view: to assert 
that we could not breed our cart- and race-horses, long- and 
short-horned cattle, and poultry of various breeds, and escu- 
lent vegetables, for an unlimited number of generatioiis, 
would be opposed to all cxperiencc. 

CHARACTER OF DOMESTIC VARIETIES; DIFFICULTY OF 
DISTINGUISIIING BETWEEN VARIETIES AND 
SPECIES; ORIGIN OF DOMESTIC 
VARIETIES FROM ONE OR 
MORE SPECIES 

When we look to the hereditary varieties or races of our 
domestic aiiimals and plants, and compare them with closely 
allied species, we generally perceive in each domestic race, 
as already remarked, less uniformity of character than in 
true species. Domestic races often have a somewhat mon- 
strous character; by which I mean, that, although differing 
from each other, and from other species of the same genus, 
in several trifling respects, thcy often differ in an extreme 
degree in some one part, both when compared one with an- 
other, and more especially when compared with the specics 
under nature to which they are nearest allied. With tliese 
exceptions (and with that of the perfect fertility of varieties 
when crossed,—a subject hereafter to be discussed), domes- 
tic races of the same species differ from each other in the 
same manner as do the closely allied species of the same 
genus in a state of nature, but the differences iii most cases 
are less in degree. This must be admitted as true, for the 
domestic races of many animals and plants have been ranked 
by some competent judges as the descendants of aboriginally 
distinct species, and by other competent judgcs as merc 
varieties. If any well-marked distinction existed between a 
domestic race and a species, this source of doubt would not 
so perpetually recur. It has often been stated that domestic 
races do not differ from cach othcr in characters of gcneric 
value. It can be shown that this statement is not corrcct; 
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but naturalists differ much in deterniining what characters 
are of generic value; all such valuations being at present 
empirical. When it is explained how genera originate under 
nature, it will be seen that we have no right to expect often 
to find a generic amount of difference in our domesticated 
races. 

In attempting to estimate the amount of structural differ- 
ence between allied domestic races, we are soon involved 
in doubt, from not knowing whether they are descended from 
one or several parent species. This point, if it could be 
cleared up, would be interesting; if, for instance, it could be 
shown that the greyhound, bloodhound, terrier, spaniel, and 
bulldog, which we all know propagate their kind truly, were 
the offspring of any single species, then such facts would 
have great weight in making us doubt about the immuta- 
bility of the many closely allied natural species —for in- 
stance, of the many foxes—inhabiting different quarters of 
the world. I do not believe, as we shall presently see, that 
the whole amount of difference between the several breeds 
of the dog has been produced under domestication; I believe 
that a small part of the difference is due to their being 
descended from distinct species. In the case of strongly 
marked races of some other domesticated species, there 
is presumptive or even strong evidence, that all are 
descended from a single wild stock. 

It has often been assumed that man has chosen for domes- 
tication animals and plants having an extraordinary inherent 
tendency to vary, and likewise to withstand diverse climates. 
I do not dispute that these capacities have added largely to 
the value of most of our domesticated productions; but how 
could a savage possibly know, when he first tamed an ani- 
mal, whether it would vary in succeeding generations, and 
whether it would endure other climates? Has the little 
variability of the ass and goose, or the small power of en- 
durance of warmth by Ihe reindeer, or of cold by the com- 
mon camel, prevented their domestication ? I cannot doubt 
that Ìf other animals and plants, equal in number to our 
domesticated productions, and belonging to equally diverse 
classes and countries, were taken from a state of nature, 
and could be made to breed for an equal number of genera- 
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tions under domestication, they would on an average vary as 
largely as the parent species of our existing domesticated 
productions have varied. 

In the case of most of our anciently domesticated animals 
and plants, it is not possible to come to any definite con- 
clusion, whether they are descended from one or several 
wild species. The argument mainly relied on by those who 
believe in the multiple origin of our domestic animals Ìs, 
that we find in the most ancient times, on the monuments 
of Eg}^pt, and in the lake-habitations of Switzerland, much 
diversity in the breeds; and that some of these ancient breeds 
closely resemble, or are even identical with, those stìll ex- 
isting. But this only throws far backwards the history of 
civilisation, and shows that animals were domesticaled at a 
miich earlier period than has hitherto been supposed. The 
lake-inhabitants of Switzerland cultivated several kinds of 
wheat and barley, the pea, the poppy for oil, and flax; and 
they possessed several domesticated animals. They also 
carried on commerce with other nations. All this clearly 
shows, as Heer has remarked, that they had at this early 
age progressed considerably in civilisation ; and this again 
implies a long continued previous period of less advanced 
civilisation, diiring which the domesticated animals, kept 
by different tribes iii different districts, might have varied 
and given rise to distinct races. Since the discovery of 
flint tools in the supcrficial formations of many parts of 
the world, all geologists believe that barbarian man existed 
at an enormously remote period and we know tliat at the 
present day there is hardly a tribe so barbarous, as not to 
have domesticated at least the dog. 

The origin of most of our domestic animals will prob- 
ably for ever remain vague. But I may here state, that, 
looking to the domestic dogs of the whole world, I Iiavc, 
after a laborious collection of all known facts, come to the 
conclusion that several wild specìes of Canidne have been 
tamed, and that their blood, in somc cascs minglcd together, 
flows in the veins of our domestic brceds. In regard to 
sheep and goats I can form no decided opinion. From facts 
communicated to me by Mr. Blyth, on thc habits, voìce, con- 
stitution, and structure of the humped Iiidian cattle, it is 
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almost certain that they are descended from a different abo- 
riginal stock from our European cattle and some competent 
judges believe that these latter have had two or three wild 
progenitors,—whether or not these deserve to be called 
species. This conclusion, as well as that of the specific dis- 
tinction between the humped and common cattle, may, in- 
deed, be looked upon as established by the admirable re- 
searches of Professor Rutimeyer. With respect to horses, 
from reasons which I cannot here give, I am doubtfully 
inclined to believe, in opposition to several authors, that all 
the races belong to the same species. Having kept nearly 
all the English breeds of the fowl alive, having bred and 
crossed them, and examined their skeletons, it appears to 
me almost certain that all are the descendants of the wild 
Indian fowl, Gallus bankiva; and this is the conclusion of 
Mr. Blyth, and of others who have studied this bird in 
India. In regard to ducks, and rabbits, some breeds of which 
differ much from each other, the evidence is clear that they 
are all descended from the common wild duck and rabbit. 

The doctrine of the origin of our several domestic races 
from several aboriginal stocks, has been carried to an absurd 
extreme by some authors. They believe that every race 
which breeds true, let the distinctive characters be ever so 
slight, has had its wild prototype. At this rate there must 
have existed at least a score of species of wild cattle, as 
many sheep, and several goats, in Europe alone, and several 
even within Great Britain. One author believes that there 
formerly existed eleven wild species of sheep peculiar to 
Great Britain! When we bear in mind that Britain has now 
not one peculiar mammal, and France but few distinct from 
those of Germany, and so with Hungary, Spain, etc., but 
that each of these kingdoms possesses several peculiar breeds 
of cattle, sheep, etc., we must admit that many domestic 
breeds must have originated in Europe; from whence other- 
wise could they have been derived? So it is in India. Even 
in the case of the breeds of the domestic dog throughout the 
world, which I admit are descended from several wild spe- 
cies, it cannot be doubted that there has been an immense 
amount of inherited variation; for who will believe that 
animals closely resembling the Italian greyhound, the blood- 
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hound, the bulhdog, pug-dog, or Blenheim spanìel, etc.—so 
unlike all wild Canidse — ever existed in a state of nature? 
It has often been loosely said that all our races of dogs 
have been produced by the crossing of a few aboriginal spc- 
cies; but by crossing we can only get forms in some degrce 
intermediate between their parents; and if wc account for 
our several domestic races by this process, we must admit 
the former existence of the most extreme forms, as thc 
Italian greyhound, bloodhound, bull-dog, etc., in the wild 
state. Moreover, the possibility of making distinct races by 
crossing has been greatly exaggerated. ^lany cases are on 
record, showing that a race may be modifìed by occasional 
crosses, if aided by the careful selection of the individuals 
which present the desired character; but to obtain a race 
intermediate between two quite distinct races, would be very 
difficult. Sir J. Sebright expressly experimented with this 
object and failed, The offspring from the first cross be- 
tween two pure breeds is tolerably and sometimes (as I have 
found with pigeons) quite uniform in character, and every- 
thing seems simple enough; but when these mongrels are 
crossed one with another for several generations, hardly 
two of them are alike, and then the difficulty of the task 
becomes manifest. 

BREEDS OF THE DOMESTIC PIGEON, THEIR DIFFERENCES 
AND ORIGIN 

Believing that it is always best to study some special 
group, I have, after deliberation, taken up domestic pigeons. 
I have kept every breed which I could purchase or obtain, 
and have been most kindly favoured with skins from several 
quarters of the world, more especially by the Hon. W. Elliot 
from India, and by the Hon. C. Murray from Persia, Many 
treatises in different languages have been published on pig- 
eons, and some of them are very important, as being of con- 
siderable antiquity. I have associated with several eminent 
fanciers, and have been permitted to join two of the London 
Pigeon Clubs. The diversity of the breeds is something as- 
tonishing. Compare the English carrier and the short-faccd 
tumbler, and see the wonderful differencc in their beaks. 
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entailing corresponding differences in their skulls. The 
carrier, more especially the male bird, is also remarkable 
from the wonderfiil development of the carunculated skin 
about the head; and this is accompanied by greatly elongated 
eyelids, very large external orifices to the nostrils, and a 
wide gape of mouth, The short-faced tumbler has a beak 
in outline almost like that of a finch; and the common 
tumbler has the singular inherited habit of flying at a great 
height in a compact flock, and tumbling in the air head over 
heels. The runt is a bird of great size, with long massive 
beak and large feet; some of the sub-breeds of runts have 
very long necks, others very long wings and tails, others 
singularly short tails. The barb is allied to the carrier, but, 
instead of a long beak, has a very short and broad one. The 
pouter has a much elongated body, wings, and legs; and 
its enormously developed crop, which it glories in inflating, 
may well excite astonishment and even laughter. The turbit 
has a short and conical beak, with a line of reversed feathers 
down the breast; and it has the habit of continually expand- 
ing, slightly, the upper part of the cesophagus. The Jacobin 
has the feathers so much reversed along the back of the neck 
that they form a hood; and it has, proportionally to its 
size, elongated wing and tail feathers, The trumpeter and 
laugher, as theìr names express, utter a very different coo 
from the other breeds, The fantail has thirty or even forty 
tail-feathers, instead of twelve or fourteen—the nornial 
number in all the members of the great pigeon family; these 
feathers are kept expanded, and are carried so erect, that in 
good birds the head and tail touch: the oil-gland is quite 
aborted. Several other less distinct breeds might be 
specified, 

In the skeletons of the several breeds, the development of 
the bones of the face in length and breadth and curvature 
differs enormously. The shape, as well as the breadth and 
length of the ramus of the lower jaw, varies in a highly 
remarkable manner. The caudal and sacral vertebrae vary 
in number; as does the number of the ribs, together with 
their relative breadth and the presence of processes. The size 
and shape of the apertures in the sternum are highly vari- 
able; so is the degree of divergence and relative size of thc 
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two arms of the furciila. The porportional width of the 
gape of mouth, the proportional length of the eyelids, of the 
orifice of the nostrils, of the tongue (not always in strict 
correlation with the length of beak), the size of the crop 
and of the upper part of the oesophagus; the development 
and abortion of the oil-gland; the number of the primary 
wing and caudal feathers; the relative length of the wing 
and tail to each other and to the body; the relative length 
of the leg and foot; the number of scutellce on the toes, the 
development of skin betvveen the toes, are all points of struct- 
ure which are variable. The period at which the perfect 
plumage is acquired varies, as does the state of the down 
with which the nestling birds are clothed when hatched 
The shape and size of the eggs vary. The manner of flight, 
and in some breeds the voice and disposìtion, dìffers re- 
markably. Lastly, in certaìn breeds, the males and females 
have come to dififer in a slight degree in each other. 

Altogether at least a score of pigeons mìght be chosen, 
which, if shown to an ornithologist, and he were told that 
they were wild bìrds, would certainly be ranked by him 
as well-defined species. IMoreover, I do not belìeve that any 
ornithologist would ìn this case place the English carrier, 
the short-faced tumbler, the runt, the barb, pouter, and 
fantail in thc same genus; more cspecially as in each of 
these breeds several truly inherited sub-breeds, or species, as 
he would call them, could be shown him. 

Great as are the differences between the breeds of the 
pigeon, I am fully convinced that the common opinion of 
naturalists is correct, namely, that all are descended from 
the rock-pigeon (Columba llvia), including under this term 
several geographical races or sub-species, which dìfifer from 
each other in the most triflìng respects. As several of the 
reasons which have led me to this belìef are in sonic de- 
gree applicable in other cases, I will here briefly gìve thcra. 
If the several breeds are not varietìes, and have not pro- 
ceeded from the rock-pìgeon, they must have descended from 
at least seven or eight aboriginal stocks; for Ìt is impossible 
to make the present domestic breeds by the crossing of any 
lesser number: how, for instance, could a pouter be produccd 
by crossing two breeds unless one of thc parent-stocks pos- 
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sessed the characteristic enormous crop? The supposed abo- 
riginal stocks must all have been rock-pigeons, that is, thcy 
did not breed or willingly perch on trees. But besides C. 
livia, with its geographical sub-species, only two or three 
Other species of rock-pigeons are known and these have 
not any of the characters of the domestic breeds. Hence 
the supposed aboriginal stocks must either still exist in the 
countries where they were originally domesticated, and yet 
be unknown to ornithologists; and this, considering their 
size, habits, and remarkable characters, seems improbable; 
or they must have become extinct in the wild state. But 
birds breeding on precipices, and good fliers, are unlikely 
to be exterminated; and the common rock-pigeon, which has 
the same habits with the domestic breeds, has not been ex- 
terminated even on several of the smaller British islets, or 
on the shores of the Mediterranean. Hence the supposed 
extermination of so many species having similar habits with 
the rock-pigeon seems a very rash assumption. Moreover, 
the several above-named domesticated breeds have been 
transported to all parts of the world, and, therefore, some 
of them must have been carried back again into their native 
country; but not one has become wild or feral, though the 
dovecot-pigeon, which is the rock-pigeon in a very slightly 
altered state, has become feral in several places. Again, 
all recent experience shows that it is diffìcult to get wild ani- 
mals to breed freely under domestication; yet on the hy- 
pothesis of the multiple origin of our pigeons, it must be 
assumed that at least seven or eight species were so thor- 
oughly domesticated in ancient times by half-civilised man, 
as to be quite prolific under confinement. 

An argument of great weight, and applicable in several 
other cases, is, that the above-specified breeds, though agree- 
ing generally with the wild rock-pigeon in constitution, habìts, 
voice, colouring, and in most parts of their structure, yet are 
certainly highly abnormal in other parts; we may look in vain 
through the whole great famìly of Columbidse for a beak like 
that of the English carrier, or that of the short-faced tum- 
bler, or barb; for reversed feathers like those of the Jacobin; 
for a crop like that of the pouter; for tail-feathers like those 
of the fantail. Hence it must be assumed not only that half- 
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civilised man snccceded in thorouglily doincsticating sevcral 
spccics, but that hc intentionally or by chancc picked out 
extraordinarily abnonnal spccies; and further, that these very 
species have sincc all bccome extinct or unknown. So many 
strange contingencics are improbable in the highcst degrcc. 

Some facts in regard to the colouring of pigcons well dc- 
serve consideration. The rock-pigcon is of a slaty-bluc, with 
white loins but thc Indian sub-species, C. intermedia of 
Strickland, has this part bluish. The tail has a terminal dark 
bar, with the outer fcathcrs extcrnally edged at the base with 
whitc. The wings have two black bars. Some semi-domes- 
tic hreeds, and some truly wild breeds, have, besides the two 
black bars, the wings chequcred \vith black. These several 
marks do not occur together in any other specìes of the whole 
family. Now, in every one of the domcstic breeds, taking 
thoroughly well-bred birds, all the above marks, even to the 
white edging of the outer tail-feathers, sometimes concur 
perfectly develòped. Moreover, wlien birds belonging to two 
or more distinct brecds are crosscd, nonc of which are blue 
or have any of thc above-specificd marks, the mongrel off- 
spring are very apt suddenly to acquire these characters. To — 
give one instance out of several which I have observed:—I 1 
crossed somc white fantails, which brccd very true, with some l 
black barbs—and it so happcns that blue varicties of barbs 
are so rare that I ncver heard of an instance in England; and 
the mongrels were black, brown, and niottled. I also crossed 
a barb with a spot, which is a white bird with a red tail and 
red spot on the forehead, and which notoriously breeds very 
true; the mongrels were dusky and mottled. I then crossed 
one of the mongrcl barb-fantails with a niongrel barb-spot, 
and they produced a bird of as beautiful a blue colour, with 
the white loins, double black wing-bar, and barred and white- 
edged tail-feathers, as any wild rock-pigeon ! We can under-y^ 
stand thcse facts, on the wcll-known principlc of reversion to 
ancestral characters, if all the domestic brceds are dcscended 
froin the rock-pigcon. But if we dcny this, we must inake 
one of the two following highly improbablc suppositions. 
Either, fìrst, that all thc sevcral imagincd aboriginal stocks 
were coloured and inarkcd like the rock-pigcon, although no 
other existing spccics is thus colourcd and niarkcd, so that in 
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each separate breed there might be a tendency to revert to 
the very same colours and markings. Or, secondly, that each 
breed, even the purest, has within a dozen, or at most within 
a score, of generations, been crossed by the rock-pigeon; I 
say within a dozen or twenty generations, for no instance is 
known of crossed descendants reverting to an ancestor of 
foreign blood, removed by a greater number of generations. 
In a breed which has been crossed only once, the tendency to 
revert to any character derived from such a cross will nat- 
urally become less and less, as in each succeeding generation 
there will be less of the foreign blood; but when there has 
been no cross, and there is a tendency in the breed to revert 
to a character which was lost during some former genera- 
tion, this tendency, for all that we can see to the contrary, 
may be transmitted undiminished for an indefinite number of 
generations. These two distinct cases of reversion are often 
confounded together by those who have written on inheri- 
tance. 

Lastly, the hybrids or mongrels from between all the breeds 
of the pigeon are perfectly fertile, as I can state from my 
own observations, purposely made, on the most distinct breeds. 
Now, hardly any cases have been ascertained with certainty 
of hybrids from two quite distinct species of animals being 
perfectly fertile. Some authors believe that long-continued 
domestication eliminates this strong tendency to sterility in 
species. From the history of the dog, and of some other do- 
mestic animals, this conclusìon is probably quite correct, if 
applied to species closely related to each other. But to ex- 
tend it so far as to suppose that species, aboriginally as dis- 
tinct as carriers, tumblers, pouters, and fantails now are, 
should yield offspring perfectly fertile inter se, would be 
rash in the extreme. 

From these several reasons, namely,—the ìmprobability of 
man having formerly made seven or eight supposed species 
of pigeons to breed freely under domestication;—these sup- 
posed species being quite unknown in a wild state, and their 
not having become anywhere feral;—these species presenting 
certain very abnormal characters, as compared with all other 
Columbidse, though so like the rock-pigeon in most respects; 
—the occasional re-appearance of the blue colour and various 
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black marks in all thc breeds, both when kept purc and when 
crosscd;—and lastly, thc mongrel offspring being pcrfectly 
fertile;—from these several reasons, taken together, we may 
safely conclude that all our domestic brecds are desccnded 
from the rock-pigeon or Columba livia with its geographical 
sub-species. 

In favour of this view, I may add, firstly, that the wild C. 
livia has been found capable of domestication in Europe and 
in India; and that it agrees in habits and in a great number 
of points of structure with all the domcstic breeds. Scc- 
ondly, that, although an English carrier or a short-faced 
tumbler differs immensely in certain characters from the 
rock-pigeon, yet that, by comparing the sevcral sub-breeds of 
these two races, niore especially those brought from distant 
countries, we can make, between them and the rock-pigeon, 
an almost perfect series; so we can in some other cases, but 
not with all the breeds. Thirdly, those characters which are 
mainly distinctive of each brecd are ìn each cminently vari- 
able, for instance the wattle and length of beak of the carrier, 
the shortness of that of the tnmbler, and the number of tail- 
feathers in the fantail ; and the explanation of this fact will 
be obvious when we trcat of Selection. Fourthly, pigeons 
have been watched and tended with the utmost care, and 
loved by many people. They have been domesticated for 
thousands of years in several quarters of the world; the car- 
liest known record of pigcons is in the fifth iEgyptian dy- 
nasty, about 3000 b.c., as was pointed out to me by Professor 
Lepsius; but Mr. Birch informs me that pigeons are given 
in a bill of fare in the previous dynasty. In the time of the 
Romans, as we hear from Pliny, immense prices were given 
for pigeons; “nay, they are conie to this pass, that they can 
reckon np their pedigree and race.’’ Pigeons were much 
valued by Akbcr Khan in India, about the ycar 1600; nover 
less than 20,000 pigeons were takcn with the conrt. ‘Thc 
monarchs of Iran and Turan sent him some vcry rare birds;” 
and, continues the courtlv historian, “His iMajcsty by cross- 
ing the breeds, which method was nevcr practiscd bcforc. has 
improved them astonishingly.” About this same period the 
Dutch were as eager al)()ut pigcons as wcre the old Romans. 
The paramount importance of thcse considerations iii ex- 
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plaining the immense amount of variation which pigeons have 
undergone, will likewise be obvious when we treat of Selec- 
tion. We shall then, also, see how it is that the several 
breeds so often have a somewhat monstrous character. It is 
also a most favourable circumstance for the production of 
distinct breeds, that male and female pigeons can be easily 
mated for life; and thus different breeds can be kept together 
in the same aviary. 

I have discussed the probable origin of domestic pigeons at 
some, yet quite insufficient, length; because when I fìrst kept 
pigeons and watched the several kinds, well knowing how 
truly they breed, I felt fully as much difficulty in believing 
that since they had been domesticated they had all proceeded 
from a common parent, as any naturalist could in coming to 
a similar conclusion in regard to the many species of finches, 
or other groups of birds, in nature. One circumstance has 
struck me much; namely, that nearly all the breeders of the 
various domestic animals and the cultivators of plants, with 
whom I have conversed, or whose treatises I have read, are 
firmly convinced that the several breeds to which each has 
attended, are descended from so many aboriginally distinct 
species. Ask, as I have asked, a celebrated raiser of Here- 
ford cattle, whether his cattle might not have descended from 
Longhorns, or both from a common parent-stock, and he will 
laugh you to scorn. I have never met a pigeon, or poultry, 
or duck, or rabbit fancier, who was not fully convinced that 
each main breed was descended from a distinct species. Van 
Mons, in his treatise on pears and apples, shows how utterly 
he disbelieves that the several sorts, for instance a Ribston- 
pippin or Codlin-apple, could ever have proceeded from the 
seeds of the same tree. Innumerable other examples could 
be given. The explanation, I think, is simple: from long- 
continued study they are strongly impressed with Ihe differ- 
ences between the several races; and though they well know 
that each race varies slightly, for they win their prizes by 
selecting such slight differences, yet they ignore all general 
arguments, and refuse to sum up in their minds slight difìfer- 
ences accumulated during many successive generations. May 
not those naturalists who, knowing far less of the laws of 
inheritance than does the breeder, and knowing no more than 


SELECTION BY MAN 


45 


he does of the intcrmediatc links Ìn the long lines of desccnt, 
yct adniit tliat many of our domestic raccs arc desccndcd 
from thc same parcnts—may they not learn a lesson of cau- 
tion, when thcy dcride the idca of species in a statc of nature 
being lineal desccndants of other species? 

PRINCIPLES OF SELECTION ANCIENTLY FOLLOWED, AND 
TIIEIR EFFECTS 

Let us now bricfly consider the steps by which domestic races 
have been produced, either from one or from several allied 
species. Some effect may be attributed to the dircct and defì- 
nite action of the extcrnal conditions of life, and some to 
habit; but he would be a bold man who would account by 
such agencies for the differences between a dray- and race- 
horse, a greyhound and bloodhound, a carrier and tumbler 
pigeon. One of the most remarkable features in our domes- 
ticated races is that we see in them adaptation, not indeed to 
‘the animars or piant's own good, but to man’s use or fancy. 
Some variations useful to him have probably arisen sud- 
denly, or by one step ; many botanists, for instance, believe 
that the fuller’s teasel, with its hooks, which cannot be 
rivalled by any mechanical contrivance, is only a variety of 
the wild Dipsacus; and this amount of change may have sud- 
denly arisen in a seedling. So it has probably been with the 
turnspit dog; and this is known to have been the case with 
the ancon sheep. But when we compare the dray-horse and 
race-horse, the dromedary and camel, the various brceds 
of sheep fìtted either for cultivated land or mountain pasture, 
with the wool of one brecd good for one purpose, and that 
of another breed for another purposc; when we compare the 
many breeds of dogs, each good for man in differeiit ways; 
when we compare the game-cock, so pertinacious in battle, 
with other breeds so little quarrelsome, with “cverlasting 
layers” which never desire to sit, and with the bantani so 
small and clegant; when we compare the host of agricultural, 
culinary, orchard, and flowcr-garden races of plants, most 
useful to man at different seasons and for diffcrcnt purposes, 
or so beautiful in his eyes, wc must, I think, look further 
than to mere variability. \Vc cannot suppose that all the 
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breeds were suddenly produced as perfect and as useful as we 
now see them; indeed, in many cases, we know that this has 
not been their history. The key is man’s power of accumu- 
lative selection: nature gives successive variations; man adds 
them up in certain directions useful to him. In this sense he 
may be said to have made for himself useful breeds. 

The great power of this principle of selection is not hypo- 
tìietical. It is certain that several of our eminent breeders 
have, even within a single lifetime, modified to a large extent 
their breeds of cattle and sheep. In order fully to realise 
what they have done, it is almost necessary to read several 
of the maiiy treatises devoted to this subject, and to inspect 
the animals. Breeders habitually speak of an animal’s organi- 
sation as something plastic, which they can model almost as 
they please. If I had space I could quote numerous passages 
to this effect from highly competent authorities. Youatt, 
who was probably better acquainted with the works of agri- 
culturists than almost any other individual, and who was him- 
self a very good judge of animals, speaks of the principle of 
selection as ‘'that which enables the agriculturist, not only to 
modify the character of his flock, but to change it altogether. 
It is the magician’s waiid, by means of which he may summon 
into life whatever form and mould he pleases.” Lord Somer- 
ville, speaking of what breeders have done for sheep, says:— 
‘Tt would seem as if they had chalked out upon a wall a form 
perfect in itself, and then had given it existence.” In Sax- 
ony the importance of the principle of selection in regard to 
merino sheep is so fully recognised, that men follow it as a 
trade; the sheep are placed on a table and are studied, like a 
pìcture by a connoisseur; this is done three times at intervals 
of months, and the sheep are each time marked and classed, 
so that the vèry best may ultimately be selected for breeding. 

What English breeders have actually effected is proved by 
the enormous prices given for animals with a good pedigree; 
and these have been exported to almost every quarter of the 
world. The improvement is by no means generally due to 
crossing different breeds; all the best breeders are strongly 
opposed to this practice, except sometimes amongst closely 
allied sub-breeds. And when a cross has been made, the 
closest selection is far more indispensable even than in ordi- 
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nary cases. If selection consisted nicrely in separating somc 
very distinct variety, and breeding from it. the principle wouUÌ 
be so obvioiis as hardly to be worth noticc: biit its importancc 
consists in the great cffcct produced by thc accumulation in 
one direction, during successive generations, of diffcrences 
absolutely inappreciable by an uneducated cye—differences 
which I for one have vainly attempted to appreciate. Xot 
one man in a thousand has accuracy of eye and judgmcnt 
sufficient to become an eininent brecdcr. If gifted with thcse 
qualities, and he studies his subject for ycars, and dcvotes his 
lifetime to it with indomitable perscverancc, he will succeed, 
and may make great improvements; if he wants any of these 
qualities, he will assurcdly fail. Few would readily believe 
in the natural capacity and ycars of practice requisite to be- 
come even a skilful pigeon-fancier. 

The same principles are followed by horticulturists; but 
the variations are herc often more abrupt. No one supposes 
^that our choicest productions have been produccd by a single 
variation from the aboriginal stock. We havc proofs that 
this has not been so in several cases in which exact records 
have been kept; thus, to give a very trifling instance, the 
steadily increasing size of thc coinmon gooseberry may be 
quoted. We see an astonishing improvenient in niany flor- 
ists’ flowers, when the fìowcrs of thc present day are com- 
pared with drawings made only twenty or thirty ycars ago. 
When a racc of plants is once pretty well established, the 
seed-raisers do not pick oiit the best plants, but merely go 
.over their seed-beds, and pull up the “rogues,” as they call 
the plants that deviatc froni the proper standard. With ani- 
mals this kind of selection is, in fact, likcwisc followed; for 
hardly any one is so careless as to brecd from his worst 
animals. 

In regard to plants, there is anothcr means of observing 
the accumulated effccts of sclcction—namely, by comparing 
the diversity of flowers in thc differcnt varietics of the same 
spccies in the flower-garden; the diversity of Icaves, pods, or 
tubers, or whatever part is valued, in thc kitchen-gardcn, in 
comparison with the flowers of thc same varictics; and the 
diversity of fruit of the same spccics in thc orchard, iii com- 
parison with the leaves and flowers of thc sainc sct of vari- 
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eties. See how different the leaves of the cabbage are, and 
how extremely alike the flowers; how unlike the flowers of 
the heartsease are, and how alike the leaves; how much the 
fruit of the difìferent kinds of gooseberries difYer in size, 
colour, shape, and hairiness, and yet the flowers present very 
slight differences. It is not that the varieties which differ 
largely in some one point do not differ at all in other points; 
this is hardly ever,—I speak after careful observation,—per- 
haps never, the case. The law of correlated variation, the im- 
portance of which should never be overlooked, will ensure 
some differences; but, as a general rule, it cannot be doubted 
that the continued selection of slight variations, either in the 
leaves, the flowers, or the fruit, will produce races differing 
from each other chiefly in these characters. 

It may be objected that the principle of selection has been 
reduced to methodical practice for scarcely more than three- 
quarters of a century; it has certainly been more attended to 
of late years, and many treatises have been published on the 
subject; and the result has been, in a corresponding degree, 
rapid and important. But it is very far from true that the 
principle is a modern discovery. I could give several refer- 
ences to works of high antiquity, in which the full impor- 
tance of the principle is acknowledged. In rude and bar- 
barous periods of English history choice animals were often 
imported, and laws were passed to prevent their exportation: 
the destruction of horses under a certain size was ordered, 
and this may be compared to the “roguing” of plants by nur- 
serymen. The principle of selection I find distinctly given in 
an ancient Chinese encyclopsedia. Explicit rules are laid 
down hy some of the Roman classical writers. From pas- 
sages in Genesis, it is clear that the colour of domesticated 
animals was at that early period attended to. Savages now 
sometimes cross their dogs with wild canine aiiimals, to im- 
prove the breed, and they formerly did so, as is attested by 
passages ìn Pliny. The savages in South Africa match their 
draught cattle by colour, as do some of the Esquimaux their 
teams of dogs. Livingstone states that good domestic breeds 
are highly valued by the negroes in the interior of Africa 
who have not associated with Europeans. Some of these 
facts do not show actual selection, but they show that the 


UNCONSCIOUS SELECTION 


49 


breeding of domestic animals was carefully attended to in 
ancient times, and is now attended to by the lowest savages. 
It would, indecd, have been a strange fact, had attention 
not been paid to breeding, for the inheritance of good and 
bad qualities is so obvious. 

UNCONSCIOUS SELECTION 

At the present time, eminent breeders try by methodical 
selection, with a distinct object in view, to make a new strain 
or sub-breed, superior to anything of the kind in the country. 
But, for our purpose, a form of Selection, which may be 
called Unconscions, aiid which results from every one trying 
to possess and breed from the best individual animals, is more 
important. Thus, a man who intends keeping pointers nat- 
urally tries to get as good dogs as he can, and afterwards 
breeds from his own best dogs, but he has no wish or expec- 
tation of permanently aitering the breed. Nevertheless we 
imy infer that this process, continued during centuries, would 
improve and modify any breed, in the same way as Bakewell, 
Collins, etc., by this very same process, only carried on more 
methodically, did greatly modify, even during their lifetimes, 
the forms and qualities of their cattle. Slow and insensible 
changes of this kind can never be recognised unless actual 
measurements or careful drawings of thc breeds in question 
have been made long ago, which may scrve for comparison. 
In some cases, however, unchanged, or but little changed 
individuals of the same breed exist in less civilised districts, 
where the breed has been less improved. There is reason to 
believe that King Charles’ spaniel has been unconsciously 
modified to a large extent since the time of that nionarch. 
Some highly competent authorities are convinced that the 
setter is directly derived from the spaniel, and has probably 
been slowly altered from it. It is known that the English 
pointer has been greatly changed within the last century, and 
in this case the changc has, it is believed, been chielly eftectcd 
by crosses with the foxhound: but what concerns us is, that 
the change has been effected unconsciously and gradually, and 
yet so effectiially, that, though the old Spanish pointer ccr- 
tainly can:\e from Spain^ Mr. Borrow has not seen, as I ani 
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informed by him, any native dog in Spain like our pointer. 
By a simple process of selection, and by careful training, 
English racehorses have come to surpass in fleetness and size 
the parent Arabs, so that the latter, by the regulations for the 
Goodwood Races, are favoured in the weights which they 
carry. Lord Spencer and others have shown how the cattle 
of England have increased in weight and in early maturity, 
compared with the stock formerly kept in this country. By 
comparing the accounts given in various old treatises of the 
former and present state of carrier and tumbler pigeons in 
Britain, India, and Persia, we can trace the stages through 
which they have insensibly passed, and come to differ so 
greatly from the rock-pigeon. 

Youatt gives an excellent illustration of the effects of a 
course of selection, which may be considered as unconscious, 
in so far that the breeders could never have expected, or even 
wished, to produce the result which ensued—namely, the pro- 
duction of two distinct strains. The two flocks of Leicester 
sheep kept by Mr. Buckley and ]\Ir. Burgess, as Mr. Youatt 
remarks, '^have been purely bred from the original stock of 
Mr. Bakewell for upwards of fìfty years. There is not a sus- 
picion existing in the mind of any one at all acquainted with 
the subject, that the owner of either of them has deviated in 
any one instance from the pure blood of Mr. Bakewell’s flock, 
and yet the difference between the sheep possessed by these 
two gentlemen is so great that they have the appearance of 
being quite different varieties.” 

If there exist savages so barbarous as never to think of the 
inherited character of the oflfspring of their domestic animals, 
yet any one animal particularly useful to them, for any 
special purpose, would be carefully preserved during famines 
and other accidents, to which savages are so liable, and such 
choice animals would thus generally leave more ofìfspring 
than the inferior ones; so that in this case there would be a 
kind of unconscious selection going on. \Ve see the value set 
on animals even by the barbarians of Tierra del Fuego, by 
their killing and devouring their old women, in times of 
dearth, as of less value than their dogs. 

In plants the same gradual process of improvement, 
through the occasional preservation of the best individuals, 
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whether or not snfficiently distinct to be rankcd at their first 
appearance as distinct varieties, and whether or not two or 
more species or races have become blended together by cross- 
ing, may plainly be recognised in the incrcased size and beauty 
which we now see in the varieties of the heartsease, rose, 
pelargonium, dahlia, and other plants, when compared with 
the older varieties or with their parent-stocks. No one would 
ever expect to get a first-rate heartsease or dahlia from the 
seed of a wild plant. No one would expect to raise a first- 
rate melting pear from the seed of the wild pear, though he 
might succeed from a poor seedling growing wild, if it had 
come from a garden-stock. The pear though cultivated in 
classical times, appears, from Pliny’s description, to have 
been a fruit of very inferior quality. I have seen great sur- 
prise expressed in horticultural works at the wonderful skill 
of gardeners, in having produced such splendid results from 
such poor materials; but the art has been simple, and, as far 
as the final result is concerned, has been followed almost un- 
consciously. It has consisted in ahvays cultivating the best- 
known variety, sowing its seeds, and, when a slightly better 
variety chanced to appear, selecting it, and so onwards. But 
the gardeners of the classical period, who cultivated the best 
pears which they could procure, never thought what splendid 
fruit we should eat; though we owe our excellent fruit in 
some small degree to their having naturally chosen and pre- 
served the best varieties they could anywhere find. 

A large amount of change, thus slowly and unconsciously 
accumulated, explains, as I believe, the well-known fact, that 
in a number of cases we cannot recognise, and therefore do 
not know, the wild parent-stocks of the plants which have 
been longest cultivated in our flowcr and kitchen gardens. 
If it has taken centuries or thousands of years to improve or 
modify most of our plants up to their present standard of 
usefulness to man, we can understand how it is that neither 
Australia, the Cape of Good Ilope, nor any other region in- 
habited by quite uncivilised man, has afforded us a singlc plant 
worth culture. It is not that thcse coiintrics, so rich in 
species, do not by a strange chance possess tbe aboriginal 
stocks of any useful plants, but that thc nativc plants havc not 
been improved by continued selection up to a standard of 
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perfection comparable with that acquired by the plants in 
countries anciently civilised. 

In regard to the domestic animals kept by uncivilised man, 
it should not be overlooked that they almost always have to 
struggle for their own food, at least during certain seasons. 
And in two countries very differently circumstanced, indi- 
viduals of the same species, having slightly different consti- 
tutions or structure, would often succeed better in the one 
country than in the other; and thus by a process of ‘'natural 
selection,” as will hereafter be more fully explained, two sub- 
breeds might be formed. This, perhaps, partly explains why 
the varieties kept by savages, as has been remarked by some 
authors, have more of the character of true species than the 
varieties kept in civilised countries. 

On the view here given of the important part which selec- 
tion by man has played, it becomes at once obvious, how it is 
that our domestic races show adaptation in their structure or 
in their habits to man’s wants or fancies. We can, I think, 
further understand the frequently abnormal character of our 
domestic races, and likewise their differences being so great 
in external characters, and relatively so slight in internal 
parts or organs. Man can hardly select, or only with much 
difficLiIty, any deviation of structure excepting such as is ex- 
ternally visible; and indeed he rarely cares for what is inter- 
nal. He can never act by selection, excepting on variations 
which are first given to him in some slight degree by nature. 
No man would ever try to make a fantail till he saw a pigeon 
with a tail developed in some slight degree in an unusual 
manner, or a pouter till he saw a pigeon with a crop of some- 
what unusual size; and the more abnormal or unusual any 
character was when it first appeared, the more likely it would 
be to catch his attention. But to use such an expression as 
trying to make a fantail, is, I have no doubt, in most cases, 
utterly incorrect. The man who first selected a pigeon with 
a slightly larger tail, never dreamed what the descendants of 
that pigeon would become through long-continued, partly 
unconscious and partly methodical, selection. Perhaps the 
parent-bird of all fantails had only fourteen tail-feathers 
somewhat expanded, like the present Java fantail, or like in- 
dividuals of other and distìnct breeds, in which as many as 
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seventecn tail-feathcrs have bcen countccl. Pcrhaps thc hrst 
pouter-pigeon did not inflatc its crop much niorc than the 
turbit now does the upper part of its oesophagus,—a habit 
which is disregarded by all fancicrs, as it is not one of the 
points of the brecd. 

Nor lct it be thought that sonie grcat devìation of structure 
would bc necessary to catch the fancier’s eye: he perccives 
extreinely small differcnccs, and it is in human nature to 
fancy any novelty, however slight, in one’s own possession. 
Nor must thc value which would fonnerly have been set on 
any slight differenccs in the individuals of the same spccies, 
be judged of by the value which is now set on them, after 
scveral breeds have fairly been established. It is known that 
with pigeons niany slight variations now occasionally appear, 
but these are rejected as faults or deviations from the stand- 
ard of perfection in each breed. Thc common goose has not 
given rise to any marked varieties; hence the Toulouse and 
the common breed, which differ only in colour, that most 
fleeting of characters, have lately been cxhibited as distinct 
at our poultry-shows. 

Thesc views appear to explain what has somctimes been 
noticed—naniely, that wc know hardly anything about thc 
origin or history of any of our domestic breeds. But, in 
fact, a breed, like a dialcct of a language, can hardly be said 
to havc a distinct origin. A man preservcs and breeds froni 
an individual with some slight deviation of structure, or takes 
more care than usual in matching his best animals, and tluis 
improves thcm, and the improvcd animals slowly sprcad in thc 
immcdiatc ncighbourhood. But they will as yet hardly have 
a distinct name, and from being only slìghtly valued, their 
history will have been disregardcd. When furthcr improvcd 
by the same slow and gradual proccss, they will sprcad morc 
widely, and will be recogniscd as somcthing distinct and valu- 
able, and will then probably first rcceive a provincial name. 
In semi-civilised countries, with littlc free communication, 
the sprcading of a ncw sub-breed would bc a slow process. 
As soon as the points of value arc once acknowlcdgod, the 
principle, as I havc called it, of unconscious sclcction will 
always tend,—pcrhaps morc at one period than at another, as 
the brced riscs or falls in fashion, —pcrhaps more in onc dis- 
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trict than in another, according to the state of civilisation of 
the inhabitants,—slowly to add to the characteristic features 
of the breed, whatever they may be. But the chance will be 
infinitely small of any record having been preserved of such 
slow, varying, and insensible changes. 

CIRCUMSTANCES FAVOURABLE TO MAN"s POWER OF SELECTION 

I will now say a few words on the circumstances, favour- 
able, or the reverse, to man’s power of selection. A hìgh de- 
gree of variability is obviously favourable, as freely giving 
the materials for selection to work on; not that mere indi- 
vidual differences are not amply sufficient, with extreme care, 
to allow of the accumulation of a large amount of modifica- 
tion in almost any desired direction. But as variations mani- 
festly useful or pleasing to man appear only occasionally, the 
chance of their appearance will be much increased by a large 
number of individuals being kept. Hence, number is of the 
highest importance for success. On this principle Marshaìl 
formerly remarked, with respect to the shee^ of parts of 
Yorkshire, ‘^as they generally belong to poor people, and are 
mostly in small lots, they never can be improved.^’ Oii the 
other hand, nurserymen, from keeping large stocks of the 
same plant, are generally far niore successful than amateurs 
in raising new and valuable varieties. A large number of 
individuals of an anìmal or plant can be reared only where 
the conditions for its propagation are favourable. When the 
individuals are scanty, all will be allowed to breed, whatever 
their quality may be, and this will effectually prevent selec- 
tion. But probably the most important element is that the 
animal or plant should be so highly valued by man, that the 
closest attention is paid to even the slightest deviations in its 
qualities or structure. Unless such attention be paid nothing 
can be effected. I have seen it gravely remarked, that it was 
most fortunate that the strawberry began to vary just when 
gardeners began to attend to this plant. No doubt the straw- 
berry had always varied since it was cultivated, but the slight 
varieties had been neglected. As soon, however, as gar- 
deners picked out individual plants with slightly larger, ear- 
lier, or better fruit, and raised seedlings from them, and again 
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picked out the best seedlinj^s and bred from them, thcn (with 
some aid by crossing distinct spccies) those inaiiy admirablc 
varieties of thc strawberry were raised which have appcarcd 
during the last half-ccntury. 

With animals, facility in preventing crosses is an important 
element in the formation of ncw races,—at least, in a country 
which is already stocked with other races. In this respcct 
enclosure of the land plays a part. Wandering savages or 
the inhabitants of open plains rarely posscss more than one 
breed of the same species. Pigeons can be matcd for life, and 
this is a great conveniencc to the fancier, for thus many races 
may be improved and kcpt true, though mingled in thc samc 
aviary; and this circumstance must have largely favourcd the 
formation of new breeds. Pigeons, I may add, can be propa- 
gated in great numbers and at a vcry quick rate, aiid inferior 
birds may be freely rejccted, as whcn killed they servc for 
food. On the other hand, cats, from their nocturnal rambling 
habits, cannot be easily matched, and, although so much 
valued by women and children, we rarely see a distinct breed 
long kept up; such breeds as we do sometimes see are almost 
always imported froni some other country. Although I do 
not doubt that some domestic animals vary less than others, 
yet the rarity or absence of distinct brceds of the cat, the 
donkey, peacock, goose, &c., may be attributed in main part 
to selection not having been brought into play: in cats, from 
the difficulty in pairing them; in donkeys, from only a fcw 
being kept by poor people, and littlc attention paid to thcir 
breeding; for recently in certain parts of Spain and of thc 
United States this animal has bcen stirprisingly modificd and 
improved by careful selcction; in peacocks, froin not being 
very easily reared and a large stock not kept; in geese, froni 
being valuable only for two purposes, food and fcathcrs, and 
more especially from no pleasure having been felt in the dis- 
play of distinct breeds; but the goose, under the conditions to 
which it is exposed when domesticated, seeins to havc a sin- 
gularly inflexible organisation, though it has varied to a 
slight extent, as I have elscwhere described. 

Some authors have maintained that the amount of variation 
in our domcstic productions is soon rcaclied, and caii ncvcr 
afterwards be cxcecdcd. It would bc somcwhat rasli to as- 
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sert that the limit has been attained in any one case; for al- 
most all our animals and plants have been greatly improved in 
many ways within a recent period; and this implies variation. 
It would be equally rash to assert that characters now in- 
creased to their usual limit, could not, after remaining fixed 
for many centuries, again vary under new conditions of life. 
No doubt, as Mn Wallace has remarked with much truth, a 
limit will be at last reached. For instance, there must be a 
limit to the fleetness of any terrestrial animal, as this will 
be determined by the friction to be overcome, the weight of 
body to be carried, and the power of contraction in the mus- 
cular fibres. But what concerns us is that the domestic vari- 
eties of the same species dififer from each other in almost 
every character, which man has attended to and selected, 
more than do the distinct species of the same genera. Isi- 
dore Geofifroy St. Hilaire has proved this in regard to size, 
and so it is with colour and probably with the length of hair. 
With respect to fleetness, which depends on many bodily char- 
acters, Eclipse was far fleeter, and a dray-horse is incom- 
parably stronger than any two natural species belonging to 
the same genus. So with plants, the seeds of the dififerent 
varieties of the bean or maize probably dififer more in size, 
than do the seeds of the distinct species in any one genus in 
the same two families. The same remark holds good in re- 
gard to the fruit of the several varieties of the plum, and still 
more strongly with the melon, as well as in many other anal- 
ogous cases. 

To sum up on the origin of our domestic races of animals 
and plants. Changed conditions of life are of the highest 
importance in causing variability, both by acting directly on 
the organisation, and indirectly by afifecting the reproductive 
system. It is not probable that variability is an inherent and 
necessary contingent, under all circumstances. The greater 
or less force of inheritance and reversion determine whether 
variations shall endure. Variability is governed by many 
unknown laws, of which correlated growth is probably the 
most important. Something, but how much we do not know, 
may be attributed to the definite action of the conditions of 
life. Some, perhaps a great, efifect may be attributed to the 
increased use or disuse of parts. The final result is thus 
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renderecl infinitely complex. Tn somc cases the intercrossing 
of aboriginally distinct species appears to have played an im- 
portant part in the origin of our breeds. Whcn several 
breeds have once been formed in any country, their occa- 
sional intercrossing, with the aid of selection, has, no doubt, 
largely aided in the formation of new sub-breeds; but thc im- 
portance of crossing has been much exaggerated, both in re- 
gard to anìmals and to those plants which are propagated by 
seed. With plants which are temporarily propagated by cut- 
tìngs, buds, &c., the importance of crossing is immense; for 
the cultivator may here dìsregard the extreme variability 
both of hybrids and of mongrels, and the sterìlity of hybrids; 
but plants not propagated by seed are of little importance to 
us, for their endurance is only tcmporary. Over all thcse 
causes of Change, the accumulative action of Selection, 
whether applied niethodìcally and quickly, or unconsciously 
and slowly but more efficiently, seems to have been the pre- 
dominant Power. 


CHAPTER II 
Variation Under Nature 


Variability—Individual differences—Doubtful species—Wide ranging, 
much diffused, and common species, vary most—Species of the 
larger genera in each country vary more frequently than the 
species of the smaller genera—Many of the species of the larger 
genera resemble varieties in being very closely, but unequally, 
related to each other, and in having restricted ranges. 

B EFORE applying the prìnciples arrived at in the last 
chapter to organic beings in a state of nature, we must 
briefly discuss whether these latter are subject to any 
variation. To treat this subject properly, a long catalogue of 
dry facts ought to be given; but these I shall reserve for a 
future work. Nor shall I here discuss the various definitions 
which have been given of the term species. No one defini- 
tion has satisfied all naturalists; yet every naturalist knows 
vaguely what he means when he speaks of a species. Gen- 
erally the term includes the unknown element of a distinct 
act of creation. The term “variety” is almost equally diffi- 
cult to define; but here community of descent is almost uni- 
versally implied, though it can rarely be proved. We have 
also what are called monstrosities; but they graduate into 
varieties. By a monstrosity I presume is meant some consid- 
erable deviation of structure, generally injurious, or not use- 
ful to the species. Some authors use the term “variation’’ in 
a technical sense, as implying a modification directly due to 
the physical conditions of life; and “variations” in this sense 
are supposed not to be inherited; but who can say that the 
dwarfed condition of shells in the brackish waters of the 
Baltic, or dwarfed plants on Alpine summits, or the thicker 
fur of an animal from far northwards, would not in some 
cases be inherited for at least a few generations? and in this 
case I presume that the form would be called a variety. 

It may be doubted whether sudden and considerable devi- 
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ations of structiire stich as we occasionally sce in our domes- 
tic productions, more especially with plants, arc evcr perma- 
ncntly propagated in a state of naturc. Aliiiost cvcry part 
of every organic being is so beautiftilly relatcd to its complex 
conditions of life that it sccms as improbable that any part 
should have been suddenly produccd perfect, as that a com- 
plex niachine shotild have been invented by man in a perfect 
state. Under domestication monstrosities sometimes occur 
whiclì rcsenible normal structurcs in widely diffcrent animals. 
Tlius pigs have occasionally bccn born with a sort of pro- 
boscis, and if any wild spccics of thc samc gcnus had nat- 
tirally possessed a proboscis, it might have bcen argued that 
this had appeared as a monstrosity; but I havc as yet failed 
to find, after diligent search, cases of monstrosities resem- 
bling normal structures in nearly allied forms, and these alone 
bear on the question. If monstrous forms of this kind ever 
do appear in a state of nature and are capablc of reproduc- 
tion (which is not ahvays the case), as thcy occur rarely and 
singly, their preservation would depend oii unusually favour- 
able circumstances. They would, also, during the first and 
succeeding generations cross with the ordinary form, and 
thus their abnormal character woiild alinost incvitably be iost. 
But I shall havc to return in a future chaptcr to ihe pres- 
ervalion and perpetuation of single or occasional variations. 

INDIVIDUAL DIFFERENCES 

The many slight diffcrences which appear in the offsprìng 
from the same parents, or which it may be presumcd have 
thus arisen, from being obscrvcd in the individuals of the 
same species inhabiting the same confined locality, may be 
callcd individual differences. No one supposes that all the 
individuals of the same specics are cast in the samc actiial 
mould. These individual diffcrcnccs are of the highest im- 
portance for us, for tliey are oftcn inherited, as must bc 
familiar to cvcry one; and they thus afford inatcrials for 
natural selection to act on and accumulatc, in thc samc man- 
ncr as man accumulatcs in any givcn dircction individual dil- 
fcrenccs in his donicsticated productions. Tlicse iiulividual 
diffcrcnces generally affect what naturalisls cunsider uniin- 
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portant parts; but I could show by a long catalogue o£ facts, 
that parts which must be called important, whether viewed 
under a physiological or classifìcatory point of view, some- 
times vary in the individuals of the same species. I am con- 
vinced that the most experienced naturalist would be sur- 
prised at the number of the cases of variability, even in im- 
portant parts of structure, which he could collect on good 
authority, as I have collected, during a course of years. It 
should be remembered that systematists are far from being 
pleased at finding variability in important characters, and that 
there are not many men who will laboriously examine inter- 
nal and important organs, and compare them in many speci- 
mens of the same species. It would never have been expected 
that the branching o£ the main nerves close to the great cen- 
tral ganglion of an insect would have been variable in the 
same species; it might have been thought that changes o£ 
this nature could have been efìfected only by slow degrees; 
yet Sir J. Lubbock has shown a degree of variability in these 
main nerves in Coccus, which may almost be compared to the 
irregular branching of the stem of a tree. This philosoph- 
ical naturalist, I may add, has also shown that the muscles iii 
the larvae of certain insects are far from uniform. Authors 
sometimes argue in a circle when they state that important 
organs never vary; for these same authors practically rank 
those parts as important (as some few naturalists have hon- 
estly confessed) which do not vary; and, under this point of 
view, no instance will ever be found of an important part 
varying; but under any other point of view many instances 
assuredly can be gìven. 

There is one point connected with individual differences, 
which is extremely perplexing: I refer to those genera which 
have been called ‘‘protean” or “polymorphic,” in which the 
species present an inordinate amount of variation. With re- 
spect to many of these forms, hardly two naturalists agree 
whether to rank them as species or as varieties. We may 
ìnstance Rubus, Rosa, and Hieracium amongst plants, several 
genera of insects and of Brachiopod shells. In most poly- 
morphic genera some of the species have fixed and definite 
characters. Genera which are polymorphic in one country 
seem to be, with a few exceptions, polymorphic in other coun- 
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tries, and likewise, judging from Brachiopod shells, at formcr 
periods of time. These facts are vcry perplexing, for thcy 
seem to show that this kind of variability is independent of 
the conditions of life. I am inclined to suspcct that we sec, 
at least in some of these polymorphic genera, variations which 
are of no servicc or disservice to thc species, and which con- 
sequently have not been seized on and rendered definite by 
natural selection, as hereaftcr to be explained. 

Individuals of the same species often present, as is known 
to evcry one, great differences of structure, independently 
of variation, as in the two sexes of various animals, in 
the two or three castes of sterile female or workers amongst 
insects, and in the immature and larval states of many of 
the lower animals. 

There are, also, cases of dimorphism and trimorphism, 
both with animals and plants. Thus, Mr. Wallace, who 
has lately called attention to the subject, has shown 
that the females of certain species of butterflies, in the Ma- 
layan archipelago, regularly appear under two or even three 
conspicuously distinct forms, not connected by intcrmediate 
varieties. Fritz Miiller has described analogous but more 
extraordinary cases with the males of certain Brazilian 
Crustaceans: thus, the male of a Tanais regularly occurs 
under two distinct forms; one of these has strong and dif- 
ferently shaped pincers, and the other has antennae much 
more abundantly furnished with smelling-hairs. Although 
in most of these cases, the two or three forms, both with 
animals and plants, are not now connected by intermediate 
gradations, it is probable that they were once thus connected. 
Mr. Wallace, for instance, describcs a certain butterfly which 
presents in the same island a great range of varieties con- 
nected by intermediate links, and the extreme links of the 
chain closely resemble the two forms of an allied dimorphic 
species inhabiting another part of the Malay archipelago. 
Thus also with ants, the several worker-castes are geiierally 
quite distinct; but in some cases, as we shall hereafter see, 
the castes are connected together by finely graduated varie- 
tics. So it is, as I have myself observed, with somc dimor- 
phic plants. It certainly at first appcars a highly remarkable 
fact that thc same fcmale butterfly should have thc power 
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o£ producing at tlie same time three distinct female forms 
and a male; and that an hermaphrodite plant should produce 
from the same seed-capsule three distinct hermaphrodite 
forms, bearing three different kinds of females and three or 
even six different kinds of males. Nevertheless these cases 
are only exaggerations of the common fact that the female 
produces offspring of two sexes which sometimes differ from 
each other in a wonderful manner. 

DOUBTFUL SPECIES 

The forms which possess in some considerable degree the 
character of species, but which are so closely similar to other 
forms, or are so closely linked to them by intermediate gra- 
dations, that naturalists do not like to rank them as distinct 
species, are in several respects the most important for us. 
We have every reason to believe that many of these doubtful 
and closely allied forms have permanently retained their 
characters for a long time; for as long, as far as we know, 
as have good and true species. Practically, when a naturalist 
can unite by means of intermediate links any two forms, he 
treats the one as a variety of the other; ranking the most 
common, but sometimes the one fìrst described, as the spe- 
cies, and the other as the variety. But cases of great diffi- 
culty, which I will not here enumerate, sometimes arise in 
deciding whether or not to rank one form as a variety of 
another, even when they are closely connected by interme- 
diate links; nor will the commonly-assumed hybrid nature 
of the intermediate forms always remove the difficulty. In 
very many cases, however, one form is ranked as a variety 
of another, not because the intermediate links have actually 
been found, but because analogy leads the observer to sup- 
pose either that they do now somewhere exist, or may for- 
merly have existed; and here a wide door for the entry o£ 
doubt and conjecture is opened. 

Hence, in determining whether a form should be ranked 
as a species or a variety, the opinion of naturalists having 
sound judgment and wide experience seems the only guide to 
follow. We must, however, in many cases, decide by a ma- 
jority of naturalists, for few well-marked and well-known 
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varieties can be named wliich havc not been ranked as spe- 
cies by at least some competent judgcs. 

That varieties of this doubtful natnre are far from un* 
common cannot be disputed. Compare the several fìoras of 
Great Britain, of France, or of tho United States, drawn up 
by different botanists, and sce what a surprising number of 
forms liave becn ranked by one botanist as good spccies, 
and by another as mere varieties. Mr. H. C. Watson, to 
whom 1 lie under deep obligation for assistance of all kinds, 
has marked for me 182 British plants, which are generally 
considercd as varieties, but which have all been ranked by 
botanists as species; and in making this list he has omitted 
many trifìing varieties, but which nevertheless have been 
ranked by scme botanists as specics, and he has entirely 
omitted several highly polymorphic genera. Under genera, 
including the most polymorphic forms, Mr. Babington gives 
251 species, whereas Mr. Bentham givcs only 112,—a differ- 
ence of 139 doubtful forms! Amongst animals which unite 
for each birth, and which are highly locomotive, doubtful 
forms, ranked by one zoologist as a species and by another 
as a variety, can rarely be found within the same country, 
but are common in separated areas. How many of the birds 
and insects in North America and Europe, which diffcr very 
slightly from each other, have been ranked by one eminent 
naturalist as undoubted species, and by another as varietìes, 
or, as they are often called, geographical races I hlr. Wallace, 
in several valuable papers on the various animals, especially 
on the Lepidoptera, inhabiting the islands of the great Ala- 
layan archipelago, shows that they may be classed under four 
heads, namely, as variable forms, as local forms, as geo- 
graphical races or sub-species, and as true representativc 
species. The first or variable forms vary much within tho 
limits of the same island. Thc local forms are moderately 
constant and distinct in each separate island; but when all 
from the several islands are compared together, the differ- 
ences are seen to be so slight and graduated, that it is im- 
possible to definc or describe them, though at the samo time 
the extreme forms are sufficiently distinct. The gco- 
graphical races or sub-species are local forms complctcly 
fixed and isolatcd; but as tliey do not diffcr from each other 


64 


ORIGIN OF SPECIES 


by strongly marked and Important characters, ^^there is no 
possible test but individual opinion to determine which of 
them shall be considered as species and which as varieties/' 
Lastly, representative species fill the same place in the nat‘ 
ural economy of each island as do the local forms and sub- 
species; but as they are distinguished from each other by a 
greater amount of difference than that between the local 
forms and sub-species, they are almost universally ranked 
by naturalists as true species. Nevertheless, no certain cri- 
terion can possibly be given by which variable forms, local 
forms, sub-species, and representative species can be 
recognìsed, 

Many years ago, when comparing, and seeing others com- 
pare, the birds from the closely neighbouring islands of the 
Galapagos archipelago, one with another, and with those 
from the American mainland, I was much struck how entirely 
vague and arbitrary is the distinction between species and 
varieties. On the islets of the little Madeira group there are 
many insects which are characterised as varieties in Mr. 
Wollaston’s admirable work, but which would certainly 
be ranked as distinct species by many entomologists. Even 
Ireland has a few animals, now generally regarded as 
varieties, but which have been ranked as species by some 
zoologists. Several experienced ornithologists consider our 
British red grouse as only a strongly-marked race of Nor- 
wegian species, whereas the greater number rank it as an 
undoubted species peculiar to Great Britain. A wide dis- 
tance between the homes of two doubtful forms leads many 
naturalists to rank them as distinct species; but what dis- 
tance, it has been well asked, will suffice; if that between 
America and Europe is ample, will that between Europe and 
the Azores, or Madeira, or the Canaries, or between the sev- 
eral islets of these small archipelagos, be sufficient? 

]\Ir. B. D. Walsh, a distinguished entomologist of the 
United States, has described what he calls Phytophagic 
varieties and Phytophagic species. Most vegetable-feeding 
insects live on one kind of plant or on one group of plants; 
some feed indiscriminately on many kinds, but do not in 
consequence vary. In several cases, however, insects found 
living on different plants, have been observed by Mr. Walsh 
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to present in their larval or mature state, or in both statcs, 
slight, though constant differcnccs in colour, size, or in thc 
nature of their secretions. In soinc instanccs thc malcs 
alone, in other instanccs both malcs and fcmales, havc been 
observed thus to differ in a slight degrce. Whcn thc differ- 
ences are rathcr more strongly marked, and whcn both 
sexes and all ages are affcctcd, the forms arc rankcd by all 
entomologists as good spccies. But no obscrver can detcr- 
mine for another, cven if he can do so for himsclf, which of 
thcse Phytophagic forms ought to bc called spccies and 
which varieties. Mr. Walsh ranks thc forms which it may 
be supposed would freely intcrcross, as varieties; and those 
which appear to have lost this powcr, as specics. As the 
differences depend on the insccts having long fcd on distinct 
plants, it cannot be expectcd that intermcdiate links conncct- 
ing the several forms should now be found. The naturalist 
thus loses his best guide in determining whether to rank 
doubtful forms as varieties or spccics. This likcwise neccs- 
sarily occurs with closely allied organisms, which inhabit 
distinct continents or islands. When, on the other hand, 
an animal or plant ranges over thc same continent, or in- 
habits many islands in the samc archipelago, and presents 
different forms in the different arcas, therc is always a good 
chance that intermediate forms will be discovercd which will 
link together the extreme states; and these are then degraded 
to the rank of varieties. 

Some few naturalists maintain that animals never present 
varieties; but then these same naturalists rank the slightest 
difference as of specific valuc; and when the same idcntical 
form is met with in two distinct countries, or in two geologi- 
cal formations, tliey belicve that two distinct specics are hid- 
den undcr thc same dress. The tcrm species thus coines to 
be a mere useless abstraction, implying and assuining a sep- 
arate act of crcation. It is ccrtain that many forms, consid- 
ered by highly-compctent judgcs to bc varicties, rescmble 
specics so complctely in character, that thcy havc becn thus 
ranked by other highly-compctcnt judges. But to discuss 
whether they ought to be callcd specics or varictics, before 
any definition of thesc terms has bccn gcnerally acceptcd. is 
vainly to beat the air. 
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Many of the cases of strongly-marked varieties or doubtful 
species well deserve consideration; for several interesting 
lines of argument, from geographical distribution, analogical 
variation, hybridism, &c., have been brought to bear in the 
attempt to determine their rank; but space does not here per- 
mit me to discuss them. Close investigation, in many cases, 
will no doubt bring naturalists to agree how to rank doubt- 
ful forms. Yet it must be confessed that it is in the best 
known countries that we find the greatest number of them. 
I have been struck with the fact, that if any animal or plant 
in a state of nature be highly useful to man^ or from any 
cause closely attracts his attention, varieties of it will almost 
universally be found recorded. These varieties, moreover, 
will often be ranked by some authors as species. Look at the 
common oak, how closely it has been studied; yet a German 
author makes more than a dozen species out of forms, which 
are almost universally considered by other botanists to be 
varìeties; and in this country the highest botanical authori- 
ties and practical men can be quoted to show that the sessile 
and pedunculated oaks are either good and distinct species or 
mere varieties. 

I may here allude to a remarkable memoir lately published 
by A. de CandoIIe, on the oaks of the whole world. No one 
ever had more ample materials for the discrimination of the 
species, or could have worked on them with more zeal and 
sagacity. He first gìves in detail all the many points of struc- 
ture which vary in the several species, and estimates numeri- 
cally the relative frequency of the variations. He specifies 
above a dozen characters which may be found varying even 
on the same branch, sometimes according to age or develop- 
ment, sometimes without any assignable reason. Such char- 
acters are not of course of specific value, but they are, as Asa 
Gray has remarked in commenting on this memoir, such as 
generally enter into specific definitions. De CandoIIe then 
goes on to say that he gives the rank of species to the forms 
that differ by characters never varying on the same tree, and 
never found connected by intermediate states. After this 
discussion, the result of so much labour, he emphatically re- 
marks: “They are mistaken, who repeat that the greater 
part of our species are clearly limited, and that the doubtful 
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species are in a feeble minority. This seemed to be true, so 
long as a genus was imperfectly known, and its spccies werc 
founded upon a few specimens, that is to say, were pro- 
visional. Just as we come to know them bettcr, intermediate 
forms flow in, and doubts as to specifie limits augment.” Ile 
also adds that it is the best known species which present the 
greatest number of spontaneous varieties and sub-varieties. 
The Quercus robur has twenty-eight varieties, all of which, 
excepting six, are clustered round three sub-species, namcly, 
Q. pedunculata sessiliflora, and pubescens. The forms which 
connect these three sub-species are comparativcly rare; and, 
as Asa Gray again remarks, if thcsc connecting forms which 
are now rare, wcre to become wholly extinct, the three sub- 
species would hold exactly the same relation to each other, as 
do the four or five provisionally admitted species which 
closely surround the typical Quercus robur. Finally, De 
Candolle admits that out of the 300 spccies, which will be 
enumerated in his Prodromus as belonging to the oak family, 
at least two-thirds are provisional species, that is, are not 
known strictly to fulfil the definition above given of a true 
species. It should be added that De CandoIIe no longcr be- 
lieves that species are immutable creations, but concludes 
that the derivative theory is the most natural one, “and the 
most accordant with the known facts in palaeontology, geo- 
graphical botany and zooIog>% of anatomical structure and 
classification.” 

When a young naturalist commences the study of a group 
of organisms quite unknown to him, Iie is at first much per- 
plexed in determining what diffcrences to consider as specifie, 
and what as varietal; for he knows nothing of the amount 
and kind of variation to which the group is subject; and this 
shows, at least, how very generally there is some variation. 
But if he confine his attention to one class within one country, 
he will soon make up his mind how to rank most of the doiibt- 
ful forms. His general tendency will be to make many 
species, for he will become impressed, just like the pigeon or 
poultry fancier before alluded to, with the amount of diffcr- 
ence in the fornis whicli he is coiitinually studying; and hc 
has little general kiiowledge of analogical variation in other 
groups and in other countries, by which to correct his first 
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impressions. As he extends the range of his observations, he 
will meet with more cases of difficulty; for he will encounter 
a greater number of closely-allied forms. But if his observa- 
tions be widely extended, he will in the end generally be able 
to make up his own mind; but he will succeed in this at the 
expense of admitting much variation,—and the truth of this 
admission will often be disputed by other naturalists. When 
he comes to study allied forms brought from countries not 
now continuous, in which case he cannot hope to find inter- 
mediate liiiks, he will be compelled to trust almost entirely to 
analogy, and his difficulties will rise to a climax. 

Certainly no clear line of demarcation has as yet been 
drawn between species and sub-species—that is, the forms 
which in the opinion of some naturalists come very near to, 
but do not quite arrive at, the rank of species: or, again, 
between sub-species and well-marked varieties, or between 
lesser varieties and individual differences. These differences 
blend into each other by an insensible series; and a series 
impresses the mind with the idea of an actual passage. 

Hence I look at individual differences, though of small 
interest to the systematist, as of the highest importance for 
us, as being the first steps towards such slight varieties as 
are barely thought worth recording in works on natural his- 
tory. And I look at varieties which are in any degree more 
distinct and permanent, as steps towards more strongly- 
marked and permanent varieties; and at the latter, as lead- 
ing to sub-species, and then to species. The passage from 
one stage of difference to another may, in many cases, be 
the simple result of the nature of the organism and of the 
different physical conditions to which it has long been ex- 
posed; but with respect to the more important and adaptive 
characters, the passage from one stage of difference to an- 
other, may be safely attributed to the cumulative action of 
natural selection, hereafter to be explained, and to the effects 
of the increased use or disuse of parts. A well-marked vari- 
ety may therefore be called an incipient species; but whether 
this belief is justifiable must be judged by the weight of the 
various facts and considerations to be given throughout this 
work. 

It need not be supposed that all varieties or incipient 
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species attain the rank of species. They may become extinct, 
or they may endure as varieties for very long periods, as 
has been shown to be the case by Mr. Wollaston with the 
varieties of certain fossìl land-sliells in Madeira, and with 
plants by Gaston de Saporta. If a variety were to flourish 
so as to exceed in numbers the parent species, Ìt would then 
rank as the species, and the species as the variety; or it 
might come to supplant and exterminate the parent species; 
or both might co-exist, and both rank as independciit species, 
But we shall hereafter return to this subject. 

From these remarks it will be seen that I look at the term 
species as one arbitrarily given, for the sake of convenience, 
to a set o£ individuals closely resembling each other, and 
that it does not essentially differ from the term variety, which 
is given to less distinct and more fluctuating forms. The 
term variety, again, in coniparison with mere individual dif- 
ferences, is also applied arbitrarily, for convenience’ sake. 

WIDE-RANGING, MUCII DIFFUSED, AND COMMON SPECIES 
VARY MOST 

Guided by theoretical considerations, I thought that some 
interesting results might be obtaiiied in regard to the nature 
and relations of the species which vary most, by tabulating 
all the varieties in several well-worked floras, At first this 
seemed a simple task; but Mr. H. C. Watson, to whom I am 
much iiidebtcd for valuable advice and assistance on this 
subject, soon convinced me that there were many difficulties, 
as did subsequently Dr. Hooker, even iii stronger terms. I 
shall reserve for a futiire work the discussion of these diffi- 
culties, and the tables of the proportional numbers of the 
varying species. Dr. Hooker permits me to add that after 
having carefully read my manuscript, and examined the 
tables, he thinks that the following statements are fairly well 
established. The whole subject, however, treated as it neces- 
sarily hcre is with much brevity, is rather perplcxing, and 
allusions cannot be avoided to the “struggle for existence, 
“divergence of character,’’ and other questions, hereafter to 
be discussed, 

Alphonse de Candolle and others have showii that plants 
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which have very wide ranges generally present varieties; 
and this might have been expected, as they are exposed to 
diverse physical conditions, aiid as they come into competi- 
tion (which, as we shall hereafter see, is an equally or morc 
important circumstance) with different sets of organic beings. 
But my tables further show that, in any limited country, the 
species which are the most common, that is abound most in 
individuals, and the species which are most widely diffused 
within their own country (and this is a difìferent considera- 
tion from wide range, and to a certain extent from com- 
monness), oftenest give rise to varieties sufficiently well- 
marked to have been recorded in botanical works. Hence 
it is the most flourishing, or, as they may be called, the 
dominant species,—those which range widely, are the most 
diffused in their own country, and are the most numerous 
in individuals,—which oftenest produce well-marked varie- 
ties, or, as I consider them, incipient species. And this, per- 
haps, might have been anticipated; for, as varieties, in order 
to become in any degree permanent, necessarily have to 
struggle with the other inhabitants of the country, the spe- 
cies which are already dominant will be the most likely to 
yield offspring, which, though in some slight degree modi- 
fied, stiil inherit those advantages that enabled their parents 
to become dominant over their compatriots. In these re- 
marks on predominance, it should be understood that refer- 
ence is made only to the forms which come into competition 
with each other, and more especìally to the members of the 
same genus or class having nearly similar habits of lifc. 
With respect to the number of individuals or commonness 
of species, the comparison of course relates only to the 
members of the same group. One of the higher plants may 
be said to be dominant if it be more numerous in individuals 
and more widely diffused than the other plants of the same 
country, which live under nearly the same conditions. A 
plant of this kind is not the less dominant because some 
conferva inhabiting the water or some parasitic fungus is 
infinitely more numerous in individuals, and more widely 
diffused. But if the conferva or parasitic fungus exceeds 
its aliies in the above respects, it will then be dominant 
within its own class. 
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SPECIES OF THE LARGER GENERA IN EACH COUNTRY VARY 
MORE FREQUENTLY THAN THE SPECIES OF THE 
SMALLER GENERA 

I£ the plants inhabiting a country, as describcd in any 
Flora, be divided into two equal masses, all those in the 
larger genera {i.e.j those including many spccies) being 
placed on one side, and all those in the smaller genera on 
the other side, the former will be found to include a some- 
what larger number of the very common and much diffused 
or dominant species. This might have been anticipated; for 
the mere fact of many species of the same genus inhabiting 
any country, shows that thcre is something in the organic 
or inorganic conditions of that country favourable to the 
genus; and, consequently, we might have expected to have 
found in the larger genera, or those including many species, 
a larger proportional number of dominant species. But so 
many causes tend to obscure this result, that I am surprised 
that my tables show even a small majority on the side of 
the larger genera. I will here allude to only two causes o£ 
obscurity. Fresh-water and salt-loving plants generally 
have very wide ranges and are nnich diffused, but this seems 
to be connected with the nature of the stations inhabited by 
them, and has little or no relation to the size of tlie genera 
to which the species belong. Again, plants low in the scale 
of organisation are generally much more widely diffused 
than plants higher in the scale; and here again there is no 
close relation to the size of the genera. The cause of lowly- 
organised plants ranging widcly will be discussed in our 
chapter on Geographical Dìstribution. 

From looking at species as only strongly-marked and well- 
defined varieties, I was led to anticipate that the species of 
the larger genera in each country would oftener present 
varieties, than the species of the smaller gcnera; for wher- 
ever many closely related species (i.c., species of the snnie 
genus) have been formed, many varieties or incipient spe- 
cies ought, as a general rule, to bc now forming. Wdiere 
many large trees grow, we expcct to find saplings, Whcre 
many species of a genus have been formed through varia- 
tion, circumstances have been favourable for variatioii; and 
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hence we might expect that the circumstances would gener- 
ally bc still favourable to variation. On the other hand, if 
we look at each species as a special act of creation, there is 
no apparent reason why more varieties should occur in a 
group having many species, than in one having few. 

To test the truth of this anticipation I have arranged the 
plants of twelve countries, and the coleopterous insects of 
two districts, into two nearly equal masses, the species of 
the larger genera on one side, and those of the smaller genera 
on the other side, and it has invariably proved to be the case 
that a larger proportion of the species on the side of the 
larger genera presented varieties, than on the side of the 
smaller genera. Moreover, the specìes of the large genera 
which present any varieties, invariably present a larger 
average number of varieties than do the species of the small 
genera. Both these results follow when another divisìon is 
made, and when all the least genera, with from only one to 
four species, are altogether excluded from the tables. These 
facts are of plain signification on the view that species are 
only strongly-marked and permanent varieties; for wherever 
many species of the same genus have been fornied, or where, 
if we may use the expression, the manufactory of species 
has been active, we ought generally to find the manufactory 
still in actìon, more especially as we have every reason to 
believe the process ol manufacturing new species to be a 
slow one. And this certainly holds true, if varieties be 
looked at as incipient species; for my tables clearly show as 
a general rule that, wherever many species of a genus have 
been formed, the specìes of that genus present a number of 
varieties, that is of incipient species, beyond the average. 
It is not that all large genera are now varying much, and 
are thus increasing in the niimber of their species, or that 
no small genera are now varying and increasing; for if this 
had been so, it would have been fatal to my theory ; inas- 
much as geology plainly tells us that small genera have in 
the lapse of time often increased greatly in size; and that 
large genera have often come to their maxima, decline, and 
disappeared. AII that we want to show is, that, where many 
species of a genus have been formed, on an average many 
are still forming; and this certainly holds good. 
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MANY OF TIIE SPECIES INCLUDED WITHIN THE LARGER 
GENERA RESEMBLE VARIETIES IN BEING VERY CLOSELY, 

BUT UNEQUALLY, RELATED TO EACII OTIIER, AND 
IN HAVING RESTRICTED RANGES 

There are other relations bctwcen the specics of large 
gencra and their recorded varicties which dcscrve noticc. \Ve 
have seen that there is no infallible criterion by which to 
distinguish spccies and weH-marked varietics; and when in- 
termecliate links have not been foiind between donbtful 
forms, naturalists are compelled to come to a dctermination 
by the amount of difference between thcm, judging by anal- 
ogy whether or not the amount suffices to raise one or both 
to the rank of species. Hence the amount of differencc is 
one very important criterion in settling whether two forms 
should be ranked as species or varieties. Xow Fries has 
remarked in regard to plants, and Westwood in regard to 
insects, that in large genera the amount of difference be- 
tween the species is often exceedingly small. I have en- 
deavoured to test this numerically by averages, and, as far 
as my iniperfect results go, they confirm the view. I have 
also consulted some sagacious and expcrienccd observers, 
and, after deliberation, they concur in this view. In this 
respect, therefore, the species of the larger gcnera rcsemble 
varieties, more than do thc species of the smallcr genera. 
Or the case may be put in another way, and it may be said, 
that in the larger genera, in which a number of varieties or 
incipient species greater than the average arc now manu- 
facturing, many of the species already manufactured still to 
a certain extent resemble varicties, for they differ from each 
other by less than the usual amount of differencc. 

Moreover, the species of the larger genera are related lo 
each other, in the same manner as the varictics of any onc 
species are related to each other. No naturalist prctcmls 
that all the species of a geniis are eqiially distinct from cach 
other; they may generally be dividcd into siib-gcncra. or scc- 
tions, or lesser groups. As Fries has well rcmarkcd, littlc 
groups of spccies are generally chistcrcd like satcllitcs 
around other species. And what arc varictics bnt groiips of 
forms, unequally relatcd to each otlicr, and clustcred round 
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certain forms—that is, round their parent-species ? Un- 
doubtedly there is one most important point of difference 
between varieties and species; namely, that the amouht of 
difference between varieties, when compared with each other 
or with their parent-species, is much less than that between 
the species of the same genus. But when we come to discuss 
the principle, as I call it, of Divergence of Character, we 
shall see how this may be explained, and how the lesser dif- 
ferences between varieties tend to increase into the greater 
differences between species. 

There is one other point which is worth notice. Varieties 
generally have much restricted ranges : this statement is in- 
deed scarcely more than a truism, for, if a variety were 
found to have a wider range than that of its supposed parent- 
species, their denominations would be reversed. But there 
is reason to believe that the species which are very closely 
allied to other species, and in so far resemble varieties, often 
have much restricted ranges. For instance, Mr. H. C. Wat- 
son has marked for me in the well-sifted London Catalogue 
of plants (4th edition) 63 plants which are therein ranked 
as species, but which he considers as so closely allied to other 
species as to be of doubtful value: these 63 reputed species 
range on an average over 6*9 of the provinces into which 
Mr. Watson has divided Great Britain, Now, in this same 
Catalogue, 53 acknowledged varieties are recorded, and these 
range over 7*7 provinces; whereas, the species to which these 
varieties belong range over 14*3 provinces. So that the ac- 
knowledged varieties have nearly the same restricted aver- 
age range, as have the closely allied forms, marked for me 
by Mr. Watson as doubtful species, but which are almost 
universally ranked by British botanists as good and true 
species. 


SUMMARY 

Finally, varieties cannot be dìstinguished from species,— 
except, first, by the discovery of intermediate linking forms; 
and, secondly, by a certain indefinite amount of difference 
between them; for two forms, if differing very little, are 
generally ranked as varieties, notwithstanding that they 
cannot be closely connected; but the amount of difference 
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considered necessary to givc to any two forms thc rank of 
species cannot bc defincd. In gcnera having more than the 
average niimber of spccies in any country, thc spccics of 
these genera havc more than the avcragc niimber of varic- 
ties. In large gencra the spccics arc apt to bc closely, but 
unequally, allied togethcr, forming little clustcrs round othcr 
species. Species vcry closely allied to othcr spccies appar- 
ently have restricted ranges. In all these respects the spc- 
cies of large gencra present a strong analogy with varicties. 
And we can clearly understand these analogies, if species 
once existed as varieties, and thus originated; whereas, thcsc 
analogies are utterly inexplicable if species are indepcndent 
creations. 

We have, also, seen that it is the most flourishing or dom- 
inant species of the larger gencra within each class which on 
an average yield the greatcst number of varieties; and varie- 
ties, as we shall hereafter see, tend to become converted into 
new and distinct species. Thus the larger genera tend to 
become larger; and throughout nature the fornis of life 
which are now dominant tend to become still more dominant 
by leaving many modified and dominant descendants. But 
by steps hereafter to be explaincd, the larger genera also 
tend to break up into smaller genera. And thus, the forms 
of life throughout the universe become divided into groups 
subordinate to groups. 


CHAPTER III 
Struggle for Existence 

Its bearing on nattiral selection—The term used in a wide sense— 
Geometrical ratio of increase—Rapid increase of naturalized 
animals and plants—Nature of the checks to increase—Competì- 
tion universal—Effects of climate—Protection from the number 
of individuals—Complex relations of all animals and plants 
throughout nature—Struggle for life most severe between indi- 
viduals and varieties of the same species: often severe between 
species of the same genus—The relation of organism to organism 
the most important of all relations. 

B EFORE entering on the subject of this chapter, I must 
make a few preliminary remarks, to show how the 
struggle for existence bears on Natural Selection. It 
has been seen in the last chapter that amongst organic beings 
in a state of nature there is some individual variability: in- 
deed I am not aware that this has ever been disputed. It is 
ìmmaterìal for us whether a multitude of doubtful forms be 
called species or sub-species or varieties; what rank, for in- 
stance, the two or three hundred doubtful fornis of British 
plants are entitled to hold, if the existence of any well-marked 
varieties be admitted. But the mere existence of individual 
variability and of some few well-niarked varieties, though 
necessary as the foundation for the work, helps us but little 
in understandìng how specìes arise in nature. How have all 
those exquisite adaptations of one part of the organisation 
to another part, and to the conditions of life, and of one 
organic being to another being, been perfected? \Ve see 
these beautiful co-adaptations most plainly in the wood- 
pecker and the mistletoe; and only a little less plainly 
in the humblest parasite which clings to the hairs of a quad- 
ruped or feathers of a bird: in the structure of the beetle 
which dives through the water: in the plumed seed which is 
wafted by the gentlest breeze; in short, we see beautiful 

_76 


STRUGGLE FOR EXISTENXE 77 

jidaptations evcrywherc and in cvery part of the organic 
world. 

Agaiii, it may be asked, how is it that varictics, which I 
have called incipient spccics, bccomc ultimatcly convcrtcd 
into good and distincl spccics, which in most cascs obviously 
diffcr from cach other far morc than do thc varietics of thc 
same species? ITow do those groups of species, which con- 
stitute what are callcd distinct genera, and which diffcr 
from each other more than do the spccics of thc samc genus, 
arise? All these results, as wc shall morc fully scc iii the 
next chapter, follow from thc strugglc for lifc. Owing to 
tliis struggle, variations, howevcr slight and from whatcvcr 
cause proceeding, if they bc in any dcgrcc profitable to the 
individuals of a specics, in their infinitcly complex relations 
to other organic beings and to thcir physical conditìons of 
life, wiH tend to the prescrvation of such individiials, and 
will gencrally be inherited by the offspring. Thc offspring, 
also, will thus have a better chance of surviving, for, of the 
many individiials of any spccies which are periodically born, 
but a small number can survive. I have called this principle, 
by which cach slight variation, if useful, is prescrvcd, by the 
term Natural Selection, in order to mark its relation to 
man's power of selection. But the expression often used by 
]\Ir. Ilerbert Spenccr of the Survival of the Fittest is more 
accurate, and is sometimes cqiially convenicnt. \Vc have 
seen that man by selection can certainly produce great re- 
sults, and can adapt organic beings to his own uses, through 
the accumulation of slight but useful variations, given to 
him by the hand of Nature. Iffit Natural Selcction, as wc 
shall hcreafter see, is a power incessantly ready for action, 
and is as immeasurably superior to man's feeble efforts, as 
the works of Nature are to those of Art. 

We will now discuss in a little morc detail the strugglc for 
existence. In my futurc work this subject will be treatcd, 
as it well deservcs, at grcater length. The elder De Candollc 
and Iwell have largcly and philosophically shown that all 
organic beings are cxposcd to scvcre compctition. In rcgard 
to plants, no one has trcatcd this subject with morc spirit 
and ability than W. Ilcrbcrt, Dcan of Manchester, evidently 
the result of his great horticultural kuowlcdgc. Nothiug is 
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easier than to admit in words the truth of the universal 
struggle for life, or more difficult — at least, I have found it 
so — than constantly to bear this conclusion in mind. Yet 
unless it be thoroughly engrained in the mind, the whole 
economy of nature, with every fact on distribution, rarity, 
abundance, extinction, and variation, will be dimly seen or 
quite misunderstood. We behold the face of nature bright 
with gladness, we often see superabundance of food; we do 
not see, or we forget, that the birds which are idly singing 
round us mostly live on insects or seeds, and are thus con- 
stantly destroying life; or we forget how largely these song- 
sters, or their eggs, or their nestlings, are destroyed by birds 
and beasts of prey; we do not always bear in mind, that, 
though food may be now superabundant, it is not so at all 
seasons of each recurring year. 

THE TERM, STRUGGLE FOR EXISTENCE, USED IN 
A LARGE SENSE 

I should premise that I use thìs term in a large and meta- 
phorical sense including dependence of one being on another, 
and including (which is more important) not only the life 
of the individtial, but success in leaving progeny. Two 
canine animals, in a time of dearth, may be truly said to 
struggle with each other which shall get food and live. But 
a plant on the edge of a desert is said to struggle for life 
against the drought, though more properly it should be said 
to be dependent on the moisture. A plant which annually 
produces a thousand seeds, of which only one of an average 
comes to maturity, may be more truly said to struggle with 
the plants of the same and other kinds which already clothe 
the ground. The mistletoe is dependent on the apple and a 
few other trees, but can only in a far-fetched sense be said 
to struggle with these trees, for, if too many of these para- 
sites grow on the same tree, it languishes and dies. But 
several seedling mistletoes, growing close together on the 
same branch, may more truly be said to struggle with each 
other. As the mistletoe is disseminated by birds, its exist- 
ence depends on them; and it may metaphorically be said to 
struggle with other fruit-bearing plants, in tempting the 
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bircls to dcvour and thus disseminatc its sccds. Tn thcse scv- 
cral senscs, which pass into cach other, I usc for convcni- 
ence sake the gcneral term of Struggle for Existence. 

GEOMETRICAL RATIO OF INCREASE 

A struggle for existence incvitably follows from thc high 
rate at which all organic bcings tend to increasc. Evcry 
being, which during its natural lifetime produces sevcral 
cggs or seeds, must sufìfer dcstruction during some pcriod of 
its life, and during some season or occasional year, other- 
wise, on the principle of gcometrical increase, its nunibcrs 
would quickly become so inordinatcly great that no country 
could support the product. Hcnce, as more individuals are 
produced than caii possibly survivc, there must in evcry casc 
be a strnggle for existence, either one individual with an- 
other of the same species, or with the individuals of distinct 
species, or with the physical conditions of life. It is the 
doctrine of Malthus applied with manifold forcc to the wholc 
animal and vegetable kìngdoms; for in this case thcre can 
be no artificial increase of food, and no prudential rcstraint 
from marriage. Although some species may bc now increas- 
ing, more or less rapidly, ìn numbers, all cannot do so, for 
the world would not hold them. 

There is no exception to thc rnlc that every organic being 
naturally increases at so high a ratc, that, if not destroyed, 
the earth would soon be covered by thc progeny of a single 
pair. Even slow-breedìng man has doubled in twcnty-five 
years, and at this rate in Icss than a thousand years, there 
woiild literally not be standing-room for hìs progeny. Lin- 
naeus has calcnlated that if an annual plant produccd only 
two seeds—and there is no plant so unproductive as this— 
and their seedlings ncxt ycar produced two, and so oii, then 
in twcnty years there wonld bc a mìllion plants. The elc- 
phant is reckoned the slowest brcedcr of all known animals, 
and I have takcn some pains to estimate its probablc mini- 
mum rate of natural incrcasc; it will bc safest to assumc 
that it begins brecding when thirty ycars old, and goes on 
breeding till nincty years old, bringing forth six yonng in 
the interval, and surviving till one hundrcd ycars old; if this 
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be so, after a period of from 740 to 750 3’ears there would 
be nearly nineteen million elephants alive, descended from 
the first pair. 

But we have better evidence on this subject than mere 
theorctical calculations, namely, the numerous recorded cases 
of the astonishingh' rapid increase of various animals in a 
state of nature, when circumstances have beeii favourable to 
them during two or three following seasons. StiII more 
striking is the evidence from our domestic animals of many 
kinds which have run wild in several parts of the world; 
if the statements of the rate of increase of slow-breeding 
cattle and horses in South America, and latterly in Australia, 
had not been well authenticated, they would have been in- 
credible. So it is with plants : cases could be given of intro- 
duced plants which have become common throughout whole 
islands in a period of less than ten years. Several of the 
plants, such as the cardoon and a tall thistle, which are 
now the commonest over the wide plains of La Plata, cloth- 
ing square leagues of surface almost to the exclusion of 
ever^' other plant, have been introduced from Europe; and 
there are plants which now range in India, as I hear from 
Dr. Falconer, from Cape Comorin to the Himala^'a, which 
have been imported from America since its discovery. In 
such cases. and endless others could be given, no one sup- 
poses, that the fertilit}- of the animals or plants has been 
suddenh- and tem.porarily increased in any sensible degree. 
The obvious explanatìon is that the conditions of life have 
been highly favourable. and that there has constantly been 
less destruction of the old and young, and that nearly all the 
\-oung have been enabled to breed. Their geometrical ratio 
of increase, the result of which never fails to be surprising, 
simply explains their extraordinarily rapid increase and wide 
diffusion in their new homes. 

In a state of nature almost ever\" full-grown plant annually 
produces seed, and amongst animals there are very few 
which do not annually pair. Hence we may confidently as- 
sert, that all plants and animals are tending to increase at a 
geometrical ratio,—that all would rapidly stock every station 
in which they could anyhow exist,—and that this geomet- 
rical tendency to increase must be checked by destruction at 
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somc pcriod of ìifc. Our fainiliarity witb thc largcr domes- 
tic aninials tcnds, I think, to niislcad us; we scc no great 
destruction falling on thcm, l)ut wc do not kecp in mind that 
thousands are annually slaughtcrcd for food, and that in a 
state of nature an equal numbcr would have somehow to bc 
disposed of. 

The only difYercnce between organisms which annually pro- 
duce eggs or seeds by the thousand, and those which produce 
extremely few, is, that the slow-brccdcrs would rcquire a 
few more years to people, under favourable conditions, a 
wholc district, let it bc cvcr so largc. The condor lays a 
couple of eggs and the ostrich a scorc, and yct in thc same 
country the condor inay be thc more numerous of thc two,* 
the Fulmar petrel lays but onc egg, yet it is belicved to bc 
thc most niimcrous bird in thc world. One fly deposits hun- 
drcds of cggs, and another, likc the hippobosca, a single 
one; but this differencc docs not dcterminc how many indi- 
viduals of the two species can bc snpportcd in a district 
A largc number of eggs is of some importance to those spe- 
cics which dcpend on a fluctuating amount of food, for it 
allows them rapidly to increase in numbcr. But the rcal im- 
portance of a large number of eggs or seeds is to makc up 
for much dcstruction at some period of lifc; and this pcriod 
in the great majority of cascs is an early one. If an animal 
can in any way protect its own eggs or young, a small num- 
ber may bc produced, and yet thc averagc stock be fully kept 
up; but if many eggs or young arc dcstroycd, many must be 
produced, or the specics will bccome cxtinct. It would suf- 
ficc to kecp up the full number of a trec, which lived on an 
avcrage for a thousand ycars, if a single secd werc produced 
once in a thousand ycars, siipposing that this sccd wcrc never 
destroyed, and could be ensurcd to germinate in a fitting 
placc. So that, in all cases, the average numbcr of any ani- 
mal or plant depends only indircctly on the nuinbcr of its 
eggs or seeds. 

In looking at Naturc, it is most ncccssary to kcep the fore- 
going considcrations always in mind —ncvcr to forgct that 
cvery single organic bcing may bc said to bc striving to tlie 
utmost to increasc in numhcrs; that each lives hy a striigglc 
at somc period of its life; that hcavy destruction inevitably 
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falls either on the young or old, dtiring each generation or 
at recurrent intervals, Lighten any check, mitigate the de> 
struction ever so little, and the number of the species will 
almost instantaneously increase to any amount. 

NATURE OF THE CHECKS TO INCREASE 

The causes which check the natural tendency of each spe- 
cies to increase are most obscure. Look at the most vig- 
orous species; by as much as it swarms in numbers, by so 
much will it tend to increase still further. We know not 
exactly what the checks are even in a single instance. Nor 
will this surprise any one who reflects how ignorant we are 
on this head, even in regard to mankind, although so incom- 
parably better known than any other animal. This subject 
of the checks to increase has been ably treated by several 
authors, and T hope in a future work to discuss it at con- 
siderable length, more especially in regard to the feral ani- 
mals of South America. Here I will make only a few re- 
marks, just to recall to the reader’s mind some of the chief 
points. Eggs or very young animals seem generally to suffer 
most, but this is not invariably the case. With plants there 
is a vast destruction of seeds, but, from some observations 
which I have made, it appears that the seedings suffer most 
from germinating in ground already thickly stocked with 
other plants. Seedlings, also, are destroyed in vast numbers 
by various enemies; for instance, on a piece of ground three 
feet long and two wide, dug and cleared, and where there 
could be no choking from other plants, I marked all the 
seedlings of our native weeds as they came up, and out of 
357 no less than 295 were destroyed, chiefly by slugs and in- 
sects. If turf which has long been mown, and the case would 
be the same with turf closely browsed by quadrupeds, be let 
to grow, the more vigorous plants gradually kill the less 
vigorous, though fully grown plants; thus out of twenty spe- 
cies growing on a little plot of mown turf (three feet by 
four) nine species perished, from the other species being ab 
lowed to grow up freely. 

The amount of food for each species of course gives thc 
extreme limit to which each can increase; but very fre- 


NATURE OF THE CHECKS TO INXREASE 


83 


quently it is not tlie obtaining foocl, but the serving as prcy 
to othcr aniinals, which determines the avcrage numbers of 
a specics. Thus, thcre secins to be littlc doubt that the stock 
of partridgcs, grouse and harcs on any large estatc depends 
chiefly on the destruction of vermin. If not one head of 
ganie were shot during the ncxt twenty years in England, 
and, at the same tinie, it no vermin werc destroycd, there 
wonld, in all probability, be Icss game than at prcscnt, al- 
though hundreds of thousands of game animals are now 
annually shot. On the other hand, in some cascs, as with 
the elephant, none are dcstroyed by bcasts of prey; for cvcn 
the tiger in India most rarely dares to attack a young cle- 
phant protected by its dam. 

Climate plays an important part in determining the aver- 
age nunibers of a species, and periodical scasons of extremc 
cold or drought seem to be the most efìfcctivc of all checks. 
I estimated (chiefly from thc grcatly reduccd numbcrs of 
nests in the spring) that thc winter of 1854-5 dcstroyed four- 
fifths of the birds in my own grounds; and this is a tremen- 
dous destruction, when we remember that ten per ccnt. ìs 
an extraordinarily severe mortality from epidemics with 
man. The action of climate seems at first sight to be quitc 
independent of the struggle for existence; but in so far as 
climate chiefly acts in rcducing food, it brings on the most 
severe struggle between thc individuals, whether of the samc 
or of distinct species, which subsist on the same kìnd of 
food. Even when climate, for instancc extrcme cold, acts 
directly, it will bc the least vigorous individuals, or those 
which have got Icast food throngh the advancing winter, 
which will suffcr most. When we travcl from south to 
north, or from a damp region to a dry, we invariably see 
some species gradually gctting rarer and rarer, and finally 
disappearing; and the change of climatc being conspicuoiis, 
we are temptcd to attribnte thc whole effect to its dircct 
action. But this is a false vicw; wc forgct that each specics, 
even whcre it most abonnds, is constantly suft'ering enormous 
dcstruction at soine pcriod of its life, from cnemies or from 
compctitors for thc same placc and food ; and if thesc ene- 
mies or competitors he in the least degrec favourcd by any 
slight changc of climate, they will increase in nunibers; and 
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as each area is already ftilly stocked with inhabitants, the 
other species must decrease. When we travel southward 
and see a species decreasing in numbers, we may feel sure 
that the cause lies quite as much in other species being fa- 
voured, as in this one being hurt. So it is when we travel 
northward, but in a somewhat lesser degree, for the number 
o£ species of all kinds, and therefore of competitors, de- 
creases northwards; hence in going northwards, or in as- 
cending a mountain, we far oftener meet with stunted forms, 
due to the directly injurious action of climate, than we do in 
proceeding southwards or in descending a mountain. Wheii 
we reach the Arctic regions, or snow-capped summits, or 
absolute deserts, thc struggle for life is almost exclusively 
with the elements. 

That climate acts in main part iiidirectly by favouring 
other species, we clearly see in the prodigious number of 
plants which in our gardens can perfectly well endure our 
climate, but which never became naturalised, for they can- 
not conipete with our native plants nor resist destruction 
by our native animals. 

When a species, owing to highly favoured circumstances, 
increases inordinately in numbers in a small tract, epidemics 
—at least, this seems generally to occur with our game ani- 
mals—often ensue; and here we have a limiting check inde- 
pendent of the struggle for life. But even some of these 
so-called epidemics appear to be due to parasitic worms, 
which have from some cause, possibly Ìn part through fa- 
cility of diffusion amongst the crowded anìmals, been dis- 
proportionally favoured: and here comes in a sort of struggle 
between the parasite and its prey. 

On the other hand, in maiiy cases, a large stock of ÌndÌ- 
viduals of the saiiie species, relatively to the numbers of Ìts 
enemies, is absolutely necessary for its preservation. Thus 
we can easily raise plenty of corn and rape-seed, &c., in our 
fields, because the seeds are in great excess, compared with 
the number of birds which feed on them; nor caii the birds, 
though having a superabundance of food at this one sea- 
son, increase in number proportionally to the supply of 
seed, as their numbers are checked during winter; but any 
one who has tried, knows how troublesome it Ìs to get seed 
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from a few wheat or other sueh plants in a gardcn: I havc 
in this case lost cvcry singlc sccd. This vicw of thc ncccs- 
sity of a largc stock of thc samc spccics for its preservation, 
explains, I believe, somc singular facts in naturc such as ihat 
of very rare plants bcing soinctimcs cxtrcmcly abimdant, in 
the few spots whcrc thcy do exist; and that of somc social 
plants being social, that is abounding in individuals, evcn on 
thc cxtreine vergc of their range. For in such cascs, we 
may believe, that a plant could cxist only wherc the condi- 
tions of its life were so favourable that many could cxist 
together, and thus savc thc spccics from uttcr dcstruction. 
I should add that the good cffccts of intcrcrossing, and thc 
ill effects of close intcrbrccding, no doubt comc into play 
in many of thcsc cases; but I will not hcrc cnlarge on this 
subject. 

COMPLEX RELATIONS OF ALL ANIMALS AND PLANTS 
TO EACH OTHER IN THE STRUGGLE 
FOR EXISTENCE 

Many cases arc on record showing liow complex and un- 
expectcd arc the cliecks and rclations betwcen organic 
beings, which have to struggle togcthcr in thc samc coun- 
try. I will give only a single instancc, which, though a 
simple one, interestcd me. In Staffordshirc, on thc cstate 
of a relation, where I had amplc means of invcstigation, 
there was a large and cxtremely barren hcath, which had 
never been touched by the hand of man ; biit scvcral acrcs 
of exactly the samc naturc had bccn cnclosed twenty-fivc 
years previously and planted with Scotch fir. Thc chango 
in the native vegetation of the plantcd part of thc hcath 
was niost remarkable, morc than is gencrally sccn in pass- 
ing from one qnite different soil to another: not only thc 
proportional numbcrs of the hcath-plants wcrc wholly 
changed, but twelvc spccies of plants (not counting grasscs 
and cariccs) flonrished in thc plantations, which could not 
be found on the hcath. Thc cffcct on thc insccts niust have 
bcen still grcater, for six inscctìvorous birds wcrc vcry com- 
mon in the plantations, which werc not to hc seen on thc 
heath; and tiie heath was frcqncnted by two or threc dis- 
tinct insectivorous birds. Hcrc wc sce how potciit lias bcen 
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the effect of the introduction of a single tree, nothing what- 
ever else having been done, with the exception of the land 
having been enclosed, so that cattle could not enter. 
But how' important an element enclosure is, I plainly saw 
near Farnham, in Surrey. Here there are extensive heaths, 
with a few clumps of old Scotch firs on the distant hill- 
tops: within the last ten years large spaces have been en- 
closed, and self-sown firs are now springing up in multitudes, 
so close together that all cannot live. When I ascertained 
that these young trees had not been sown or planted, I was 
so much surprised at their numbers that I went to several 
points of view, whence I could examine hundreds of acres 
of the unenclosed heath, and literally I could not see a 
single Scotch fir, except the old planted clumps. But on 
looking closely between the stems of the heath, I found a 
multitude of seedlings and little trees which had been per- 
petually browsed down by the cattle. In one square yard, 
at a point some hundred yards distant from one of the old 
clumps, I counted thirty-two little trees; and one of them, 
with twenty-six rings of growth, had, during many years, 
tried to raise its head above the stems of the heath, and 
had failed. No wonder that, as soon as the land was en- 
closed, it became thickly clothed with vigorously growing 
young firs. Yet the heath was so extremely barren and so 
extensive that no one would ever have imagined that cattle 
would have so closely and effectually searched it for food. 

Here we see that cattle absolutely deterinine the existence 
of the Scotch fir; but in several parts of the world insects 
determine the existence of cattle. Perhaps Paraguay offers 
the most curious instance of this; for here neither cattle 
nor horses nor dogs have ever run wild, though they swarm 
southward and northward in a feral state; and Azara and 
Rengger have shown that this is caused by the greater num- 
ber in Paraguay of a certain fly, which lays its eggs in the 
navels of these animals when first born. The increase of 
these flies, numerous as they are, must be habitually checked 
by some means, probably by other parasitic insects. Hence, 
if certain insectivorous birds were to decrease in Paraguay, 
the parasitic insects would probably increase; and this 
womld lessen the number of the navel-frequenting flies— 


STRUGGLE FOR EXISTENCE 


87 


then cattle and horses would become feral, and thls would 
certainly greatly alter (as indeed I have obscrveu in parts 
of South America) the vegetation: this again would largely 
afìfcct the insects; and this, as we have just seen in Stafford- 
shire, the inscctivorous birds, and so onwards in cvcr-in- 
creasing circlcs of complcxity. Not that under nature the 
relations will cvcr be as simple as this. Battle within battle 
must bc continually recurring with varying success; and yet 
in the long-run the forccs are so nicely balanccd, that the 
face of nature remains for long periods of time uniform, 
though assuredly the merest trifle would give the victory to 
one organic bcing over anothcr. Nevertheless, so profound 
is our ignorance, and so high our presumption, that we 
marvel when we hear of the cxtinction of an organic being; 
and as we do not see the cause, we invoke cataclysms to 
desolate the world, or invent laws on the duration of the 
forms of life 1 

I am tempted to give one more instance showing how plants 
and animals,remote in the scale of nature,are bound together 
by a web of complex relations. I shall hereafter have occasion 
to show that the exotic Lobelia fulgens is nevcr visited in 
my garden by insccts, and consequently, from its peculiar 
structurc, never sets a sced. Ncarly all our orchidaceous 
plants absolutcly require thc visits of insects to remove their 
pollen-masses and thus to fertilisc them. I find from experi- 
ments that humble-becs arc almost indìspensable to the fer- 
tilisation of the heartsease (Viola tricolor), for other bees 
do not visit this flower. I have also found that thc visits of 
bees are necessary for the fcrtilisation of some kinds of 
clover; for instance, 20 heads of Dutch clover (Trifolium 
repens) yielded 2,290 seeds, but 20 other heads protectca^ 
from becs produced not one. Again, 100 heads of rcd 
clover (T. pratense) produced 2,700 sceds, but the same 
number of protected heads produced not a single seed. 
Humble-bees alonc visit red clover, as other bees cannot 
reach tlic nectar. It has becn suggestcd ihat nioths may 
fertilise thc clovers; but I doubt whcther thev could ilo so 
in the case of the red clover, from their weight not being 
sufficient to depress the wing petals. Hence wc niay iiifer 
as Ihghly probable that, if tlie whole geiius of luinible-bees 
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became extinct or very rare in England, the heartsease and 
red clover would become very rare, or wholly disappear. 
The number of humble-bees in any district depends in a 
great measure upon the number of fìeld-mice, which destroy 
their combs and nests; and Col. Newman, who has long 
attended to the habits of humble-bees, believes that “more 
than two-thirds of them are thus destroyed all over Eng- 
land.” Now the number of mice is largely dependent, as 
every one knows, on the number of cats; and CoL Newman 
says, “Near villages and small towns I have found the nests 
of humble bees more numerous than elsewhere, which I 
attribute to the number of cats that destroy the mice.” 
Hence it is quite credible that the presence of a feline anì- 
mal in large numbers in a district might determine, through 
the intervention first of mice and then of bees, the fre- 
quency of certain flowers in that district! 

In the case of every species, many different checks, acting 
at different periods of life, and during different seasons or 
years, probably come into play; some one check or some few 
being generally the most potent; but all will concur in deter- 
inining the average number or even the existence of the 
species. In some cases it can be shown that widely-different 
checks act on the same species in different districts. When 
we look at the plants and bushes clothing an entangled bank, 
we are tempted to attribute their proportional numbers and 
kinds to what we call chance. But how false a view is this! 
Every one has heard that when an American forest is cut 
down, a very different vegetation springs up; but it has been 
observed that ancient Indian ruins in the Southern Unìted 
States, which must formerly have been cleared of trees, 
now display the same beautiful diversity and proportion of 
kinds as in the surrounding virgin forest. What a struggle 
must have gone on during long centuries between the sev- 
^ eral kinds of trees, each annually scattering its seeds by the 
thousand; what war between insect and insect—between 
insects, snails, and other animals with birds and beasts of 
prey —all striving to increase, all feeding on each other, or 
on the trees, their seeds and seedlings, or on the other plants 
which first clothed the ground and thus checked the growth 
of the trees! Throw up a handful of feathers, and all fall 
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to the ground according to definite laws; Init how simplc is 
the probleni where each shall fall compared to that of tln- 
action and reaction of thc inniiinerablc plants and aiiiinals 
which have dctcnnined, in thc coursc of ccnturics, the pro- 
portional numbcrs and kinds of trees now growiiig on thc 
old Indian ruiiis! 

The dependency of one organic bcing on another, as of a 
parasitc on its prcy, lics generally bctwccn beings rcmote 
in the scale of naturc. This is likcwise sometimes the casc 
with those which may bc strictìy said to struggle with each 
otlier for existencc, as in the case of locusts and grass- 
feeding quadrupeds. But the strugglc will almost Ìnvariably 
ke most severe betwcen thc individuals of the samc species, 
for they frequent the same districts, require the same food, 
and are exposed to the same dangers, Tn the casc of varic- 
ties of the same spccies, thc struggle will gencrally bc almost 
equally severc, and we sometiincs sce the contest soon de- 
cided: for instancc, if several varictics of wheat be sown 
togetheit, and the mixed seed be resown, somc of thc varic- 
ties w'hich best suit the soil or cliinate, or arc naturally thc 
most fertile, will beat thc others and so yield morc sced, 
and will conscquently in a fcw years supplant the othcr 
varieties. To kcep up a mixcd stock of evcn such cxtrcincly 
close varieties as thc variously-coloured sweet peas, they 
inust bc cach year harvestcd separately, and the seed thcn 
mixcd in due proportion, otherwise thc wcaker kinds will 
stcadily dccrcase in number and disappear. So again with 
the varieties of sheep; it has becn asserted that certaiii 
mountain-varicties will starve out othcr inountain-varieties, 
so that thcy cannot be kcpt togethcr. The same result has 
followed from kceping together diffcrcnt varictics of thc 
niedicinal leech. It may even be doubted whethcr thc varic- 
ties of any of our domestic plants or animals havc so ex- 
actly the samc strcngth, habits, and constitution, that tlie 
original proportions of a mixcd stock (crossing bcing ]ìre- 
vcnted) conld be kcpt up for haIf-a-do;:en gcncrations, if 
they were allowcd to strugglc togcther, in thc sainc nianner 
as beings in a state of nature, and if the sced or young wcre 
not annually prcserved in duc proportion. 
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STRUGGLE FOR LIFE MOST SEVERE BETWEEN INDIVIDUALS 
AND VARIETIES OF THE SAME SPECIES 

As tlie species of the same genus usually have, though by 
no means invariably, much similarity in habits and consti- 
tution, and always in structure, the struggle will generally 
be more severe between them, if they come into competition 
with each other, than between the species of distinct genera. 
We see this in the recent extension over parts of the United 
States of one species of swallow having caused the decrease 
of another species, The recent increase of the missel-thrush 
in parts of Scotland has caused the decrease of the song- 
thrush. How frequently we hear of one species of rat taking 
the place of another species under the most different clì- 
mates! In Russia the sinall Asiatic cockroach has every- 
where driven before it its great congener. In Australia 
the imported hive-bee is rapidly exterminating the small, 
stingless native bee. One species of charlock has been 
known to supplant another species; and so in other cases. 
We can dimly see why the competition should be most severe 
between allied forms, which fill nearly the same place in the 
economy of nature; but probably in no one case could we 
precisely say why one species has been victorious over 
another in the great battle of life. 

A corollary of the highest importance may be deduced 
from the foregoing remarks, namely, that the structure of 
every organic being is related, in the mose essential yet often 
hidden manner, to that of all the other organic beings, with 
which it comes into competition for food or residence, or 
from which it has to escape, or on which it preys. This is 
obvious in the structure of the teeth and talons of the tiger; ^ 
and in that of the legs and claws of the parasite which clings 
to the hair on the tiger's body. But in the beautifully plumed 
seed of the dandelion, and in the flattened and fringed legs 
of the water-beetle, the relation seems at first confined to 
the elements of air and water. Yet the advantage of plumed 
seeds no doubt stands in the closest relation to the land being 
already thickly clothed with other plants; so that the seeds 
may be widely distributed aiid fall on unoccupied ground. 
In the water-beetle, the structure of its legs, so well adapted 
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for diving, allows it to compete with other aquatic insects, 
to hiint for its own prey, and to escape servìng as prey lu 
other animals. 

The store of nutriment laid iip within the seeds of many 
plants seems at first sight to have no sort of relation to 
other plants. But from the strong growth of young plants 
produced from such seeds, as peas and beans, when sown in 
the midst of long grass, it may be suspected that the chief 
iise of the nutriment in the seed is to favour the growth of 
the seedlings, whilst struggling with other plants growing 
all around. 

Look at a plant in the midst of its range, why does it not 
double or quadruple its numbers? \Ve know that ìt can per- 
fectly well withstand a liltle niore heat or cold, dampness or 
dryness, for elsewhere it ranges into slightly hotter or colder, 
damper or drier districts. In this case we can clearly see 
that if vve wish in imagination to give the plant the power of 
inereasing in niimber, we should hav^e to give it some ad- 
vantage over its competitors, or over the animals which prey 
on it. On the confines of its geographical range, a change 
of constitution witli respect to cliniatc would clearly be an 
advantage to our plant ; but wc have reason to believe that 
only a few plants or animals range so far, that they are de- 
stroyed exclusively by the rigour of the climate. Not until 
we reach the extreme coufines of life, in thc Arctic regions 
or on the borders of an iittcr desert, will competition cease. 
The land inay be extremely cold or dry, yet there will be 
competition between some few species, or between thc indi- 
viduals of the same species, for the warmest or dampest 
spots. 

Hence vve caii see that when a plant or animal is placed 
in a new country amongst new competitors, the conditioiis 
of its life will generally be changed in an esscntial inanner, 
although the climate may be exactly thc same as iii its 
fornier home. If its averagc nuinbers are to increase in its 
new honie, we should have to modify it in a different way to 
what we should have had to do in its nativ^e country: for we 
should have to g'wc it some advantage over a dilferent set 
of conipetitors or enemies. 

It is good thus to try in iinagination to giv^c to any one 
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species an advantage over another. Probably in no single 
instance should we know what to do. This ought to con- 
vince us of our ignorance on the mutual relations of all 
organic beings; a conviction as necessary, as it is difficult 
to acquire. All that we can do, Ìs to keep steadily in mind 
that each organic being is strìving to increase in a geomet- 
rical ratio; that each at some period of its life, during some 
season of the year, during each generation or at intervals, 
has to struggle for life and to suffer great destruction. 
When we reflect on this struggle, we may console ourselves 
with the full belief, that the war of nature is not inces- 
sant, that no fear is felt, that death is generally prompt, 
and that the vigorous, the healthy, and the happy survive 
and multiply. 


CHAPTER IV 

Natural Selection ; or the Survival of the Fittest 

Natural Selection —its power compared with man’s selection—its 
power on characters of trifling importance—its power at all ages 
and on both sexes—Sexual selection—On the generality of inter- 
crosses between individuals of the same species—Circumstaiices 
favourable and unfavourable to thc results of Natural Selection, 
namely, intercrossing, isolation, number of individuals—Slow 
action —Extinction caused by Natural Selection—Divergcnce of 
Character, related to the divcrsity of inhabitants of any siiiall 
area, and to naturalisation—Action of Natural Selection, through 
divergence of Character and Extinction, on the descendants from 
a common parent —Explains the grouping of all organic beings— 
Advance in organisation—Low forms preserved—Convergence of 
Character—Indefinite multiplication of species—Summary. 

H OW will the struggle for existence, bricfly discussed 
in the last chapter, act in regard to variation? Can 
the principle of selection, which we have seen is so 
potent in the hands of man, apply under nature? I think 
we shall see that it can act inost efficicntly. Let the cndless 
number of slight variations and individual differences occur- 
ring in our domestic productions, and, in a lesscr degree, in 
those under nature, be borne in mind; as well as the strength 
of the hereditary tendency. Under doinestication, it inay bc 
truly said that the \vhole organisation becoines in soine degrec 
plastic. But thc variability, which we almost univcrsally 
meet with in our doinestic productions, js not dircctly pro- 
duced, as Hooker and Asa Gray have well reinarked, by inan; 
he can neither originate varieties, nor prcvcnt their occur- 
rence; he can only preservc and accuinulate such as do occur. 
Unintentionally he exposcs organic beings to ncw and chang- 
ing conditions of life, and variability ensues; but siinilar 
changes of conditions might and do occur undcr nature. Lct 
it also be boriic in mind how infinitcly coinplox and closc- 
fìtting are the mutual relations of all organic heings to cach 
other and to their physical conditiuns of life; and coiise- 
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quently what infìnitely varied diversities of structure mìght 
be of use to each being under changing conditions of life. 
Can it, then, be thought improbable, seeing that variations 
useful to man have undoubtedly occurred, that other vari^ 
ations useful in some way to each beìng in the great and com-’ 
plex battle of life, should occur in the course of many suc- 
cessive generations? If such do occur, can we doubt (re- 
membering that many more individuals are born than can 
possibly survive) that individuals having any advantage, 
however slight, over others, would have the best chance o£ 
surviving and of procreating their kind ? On the other hand, 
we may feel sure that any variation in the least degree injuri- 
ous would be rigidly destroyed. This preservation of favour- 
able individual differences and variations, and the destruction 
of those which are injurious, I have called Natural Selection, 
or the Survival of the Fittest. Variations neither useful nor 
injurious would not be affected by natural selection, and 
would be left either a fluctuating element, as perhaps we see 
in certain polymorphic species, or would ultimately become 
fixed, owing to the nature of the organism aiid the nature of 
the conditions. 

Several writers have misapprehended or objected to the 
term Natural Selection. Some have even imagined that nat- 
ural selection induces variability, whereas it implies only the 
preservation of such variations as arise and are beneficial to 
the being under its conditions of life. No one objects to 
agriculturists speaking of the potent effects of man s selec- 
tion; and in this case the individual differences given by 
nature, which man for some object selects, must of necessity 
first occur. Others have objected that the term selection im- 
plies conscious choice in the animals which become modified; 
and it has even been urged that, as plants have no volition, 
natural selection is not applicable to them! In the literal 
sense of the word, no doubt, natural selection is a false term; 
but who ever objected to chemists speaking of the electìve 
affinities of the various elements?—and yet an acid cannot 
strictly be said to elect the base with which it in preference 
combines. It has been said that I speak of natural selection 
as an active power or Deity; but who objects to an author 
speaking of the attraction of gravity as ruling the movements 
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of the planets? Every one knows what is mcant and is im- 
plied by such metaphorical expressions; and they arc almost 
necessary for brevity. So again it is difficult to avoid pcr- 
sonifying the word Nature; but I mcan by Nature, only the 
aggregate action and product of many natural laws, and by 
laws the sequence of events as asccrtaincd by us. With a 
little famÌIiarity such superficial objections will bc forgotten. 

We shall best understand the probable course of natural 
selectlon by taking the case of a country undergoing some 
slight physical change, for instance, of climate. The propor- 
tional numbers of its inhabitants will almost immcdiately un- 
dergo a change, and some species will probably become ex- 
tinct. We may conclude, from what we have scen of the in- 
timate and complex manner in which the inhabitants of each 
country are bound together^ that any change in the numerical 
proportions of the inhabitants, independently of thc change 
of climate itself, would seriously affect the others. If the 
country were open on its borders, new forms wotild certainly 
immigrate, and this would likewise seriously disturb the rela- 
tions of some of the former inhabitants. Let it be rcmem- 
bered how powerful the influcnce of a single introduced tree 
or mammal has been shown to be. But in the casc of an 
island, or of a country partly surrotinded by barriers, into 
which new and better adapted forms could not freely enter, 
we shotild then have places in the economy of nature whicli 
would assuredly be better filled tip, if some of the original 
inhabitants were in some manner modified; for, had the are'a 
been open to immigration, these same places would have been 
seized on by intruders. In such cases, slight niodifications, 
which in any way favoured the Ìndividuals of any species, 
by better adapting them to thcir altered conditions, would 
tend to be preservcd; and natural selection would have free 
scope for the work of Ìmprovement. 

We have good reason to believe, as shown in the first chap- 
ter, that changes in the conditions of life give a tendency to 
increased variability; and in the foregoing cases the con- 
ditions have changed, and this would manifcstly be favour- 
able to natural selection, by affording a better chance of the 
occurrence of profitable variations. Unless such occur, nat- 
ural selection can do nothing. Under the term of “vari- 
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ations,” Ìt must never be forgotten that mere individual dif- 
ferences are included. As man can produce a great result 
with his domestic animals and plants by adding up in any 
given direction individual differences, so could natural selec- 
tion, but far more easily from having incomparably longer 
time for action. Nor do I believe that any great physical 
change, as of climate, or any unusual degree of isolation to 
check immigration, ìs necessary in order that new and un- 
occupied places should be left, for natural selection to fill up 
by improviiig some of the varying inhabitants. For as all 
the inhabitants of each country are struggling together with 
nicely balanced forces, extremely slight modifications in the 
structure or habits of one species would often give it an ad- 
vantage over others; and still further modifications of the 
same kind would often still further increase the advantage, 
as long as the species continued under the same conditions 
of life and profited by similar means of subsistence and de- 
fence. No country can be named in which all the native in- 
habitants are now so perfectly adapted to each other and to 
the physical conditions under which they live, that none of 
them could be still better adapted or improved; for in all- 
countries, the natives have been so far conquered by natural- 
ised productions, that they have allowed some foreigners to 
take firm possession of the land. And as foreigners have 
thus in every country beaten some of the natives, we may 
safely conclude that the natives might have been modified 
with advantage, so as to have better resisted the intruders. 

As man can produce, and certainly has produced, a great 
result by his methodical and unconscious means of selection, 
what may not natural selection efìfect? Man can act only on 
external and visible characters: Nature, if I may be allowed 
to personify the natural preservation or survival of the fit- 
test, cares nothing for appearances, except in so far as they 
are useful to any being. She can act on every internal organ, 
on every shade of constitutional difiference, on the whole 
machinery of life. Man selects only for his own good: Na- 
ture only for that of the being which she tends. Every 
selected character is fully exercised by her, as is implied by 
the fact of their selection. Man keeps the natives of niany 
climates in the same country; he seldom exercises each se- 
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lected character ìn some peculiar and fitting nianner; he fecds 
a long and a short beaked pigcon on thc same food; hc docs 
not exercise a long-backcd or long-lcgged quadrupcd in any 
peculiar manner; he exposcs sheep with long and short wool 
to the same climate. ITe does not allow the most vigorous 
males to strugglc for the fcmalcs. He does not rigidly dc- 
stroy all inferior animals, but protccts during each varying 
season, as far as Hes in his powcr, all his productions. He 
often begins his selcction by sonie half-monstrous form; or 
at least by some modification prominent enough to catch thc 
eye or to be plainly useful to him. Undcr nature, the slight- 
est differences of structurc or constitution may well turn thc 
nicely-balanced scale in the struggle for lifc, and so be pre- 
served. How fleeting are thc wishcs and efforts of man! 
how short his time ! and consequcntly how poor will bc his 
results, compared with those accumulatcd by Xature during 
whole geological periods? Can we wonder, thcn, that Xa- 
ture’s productions should be far “truer” in character than 
man’s productions; that they should be infinitely better 
adapted to the most complex conditions of life, and should 
plainly bear the stamp of far higher workmanship? 

It may metaphorically be said that natural sclection is daily 
and hourly scrutinising, throughout thc world, the slightest 
variations; rejecting those that are bad, preserving and add- 
ing up all that are good; silently and inscnsibly working, 
whencvcr and zvìicrcvcr opportiinìty oifers, at the improve- 
ment of each organic being in relation to its organic and in- 
organic conditions of life. We see nothing of thesc slow 
changes in progress, until the hand of time has marked the 
lapse of ages, and then so imperfect is our vicw into long- 
past geological ages, that we see only that the forms of life 
are now different from what they formerly were. 

In order that any great amount of modification should be 
effected in a specics, a variety when once formed must again, 
perhaps after a long interval of time, vary or present indi- 
vidual differences of thc same favourablc nature as before; 
and thesc must bc again prcscrvcd, and so onwards stop by 
step. Seeing that individual diffcrenccs of thc same kind 
perpetually recur, this can hardly bc considered as an unwar- 
rantable assumption. But whcther it is true, we can judge 
D—IIC XI 
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only by seeing how far the hypothesìs accords with and ex- 
plains the general phenomena of nature. On the other hand, 
the ordinary belief that the amount of possible variation is 
a strictly limited quantity is likewise a simple assumption. 

Although natural selection can act only through and for 
the good of each being, yet characters and structures, which 
we are apt to consider as of very trifling importance, may 
thus be acted on. When we see leaf-eating insects green, 
and bark-feeders mottled-grey; the alpine ptarmigan white in 
winter, the red-grouse the colour of heather, we must believe 
that these tints are of service to these birds and insects in 
preserving them from danger. Grouse, if not destroyed at 
some period of their lives, would increase in countless num- 
bers; they are known to suffer largely from birds of prey; 
and hawks are guided by eyesight to their prey—so much so, 
that on parts of the Continent persons are wariied not to keep 
white pigeons, as being the most liable to destruction. Hence 
natural selection might be elìfective in giving the proper 
colour to each kind of grouse, and in keeping that colour, 
when once acquired, true and constant. Nor ought we to 
think that the occasional destruction of an animal of any par- 
ticular colour would produce little effect: we should remem- 
ber how essential it is in a flock of white sheep to destroy a 
lamb with the faintest trace of black. We have seen how 
the colour of the hogs, which feed on the “paint-root” in 
Virginia, determines whether they shall live or die. In 
plants, the down on the fruit and the colour of the flesh are 
considered by botanists as characters of the most trifling im- 
portance: yet we hear from an excellent horticulturist, Down- 
ing, that in the United States smooth-skinned fruits sufler 
far more from a beetle, a Curculio, than those with down; 
that purple plums suffer far more from a certain disease than 
yellow plums, whereas another disease attacks yellow-fleshed 
peaches far more than those with other coloured flesh. If, 
with all the aids of art, these slight differences make a great 
difference in cultivating the several varieties, assuredly, in a 
state of nature, where the trees would have to struggle with 
other trees and with a host of enemies, such differences 
would effectually settle which variety, whether a smooth or 
downy, a yellow or purple fleshed fruit, should succeed. 
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In lookin^ at many small points of differencc betwcen 
species, which, as far as our ignorance permits us to judge, 
seem quite unimportant, \ve must not forget that climate, 
food, &c., have no doubt produced some direct effect. It is 
also necessary to bear in mind that, owing to the law of cor- 
relation, when one part varies, and the variations are accu' 
mulated through natural selection, other modifìcations, often 
of the most unexpected nature, will ensue. 

As we see that those variations which, under domestica- 
tion, appear at any particular period of life, tend to reappear 
in the offspring at the same period;—for instance, in the 
shape, size, and flavour of the seeds of the many varieties of 
our culinary and agricultural plants; in the caterpillar and 
cocoon stages of the varieties of the silkworm; in the eggs o£ 
poultry, and in the colour of the down of their cbickens; in 
the horns of our sheep and cattle when nearly adult;—so in 
a state of nature natural selection will be enabled to act on 
and modify organic beings at any age, by the accumulation of 
variations profitable at that age, and by their inhcritance at 
a corresponding age. If it profit a plant to have its seeds 
more and more widely disseminated by the wind, I can see no 
greater difficulty in this being effected through natural selec- 
tion, than in the cotton-planter increasing and improving by 
selection the down in the pods on his cotton-trees. Natural 
selection may modify and adapt the larva of an insect to a 
score of contingencies, wholly different from those which con- 
cern the mature insect; and these modifications may effect, 
through correlation, the structure of the adult. So, con- 
versely, modifications in the adult may affect the structure 
of the larva; but in all cases natural sclection will ensure that 
they shall not be injurious: for if they were so, thc species 
would become extinct. 

Natural selection will modify the structure of the young iu 
relation to the parent, and of the parent in relation to tlie 
young. In social animals it will adapt the strncture of cach 
individual for thc benefit of the whole community; if thc 
community profits by the selected change. What nalural 
selection cannot do, is to modify thc structure of onc spccics, 
without giving it any advantagc, for tbe good of another 
species; and though statcmcnts to this cffect niay bc found in 
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works of natural history, I cannot find one case which will 
bear investigation. A structure used only once in an ani- 
maFs life, if of high importance to it, might be modified to 
any extent by natural selection; for instance, the great jaws 
possessed by certain insects, used exclusively for opening the 
cocoon—or the hard tip to the beak of unhatched birds, used 
for breaking the egg. It has been asserted, that of the best 
short-beaked tumbler-pigeons a greater number perish in the 
egg than are able to get out of it; so that fanciers assist in 
the act of hatching. Now if nature had to make the beak of 
a full-grown pigeon very short for the bird’s own advantage, 
the process of modification would be very slow, and there 
would be simultaheously the most rigorous selection of all the 
young birds within the egg^ which had the most powerful and 
hardest beaks, for all with weak beaks would inevitably per- 
ish; or, more delicate and more easily broken shells might be 
selected, the thickness of the shell being known to vary Hke 
every other structure. 

It may be well here to remark that with all beings there 
must be much fortuitous destruction, which can have little or 
no influence on the course of natural selection. For instance 
a vast n’umber of eggs or seeds are annually devoured, and 
these could be modified through natural selection only if they 
varied in some manner which protected them from their ene- 
mìes. Yet many of these eggs or seeds would perhaps, if not 
destroyed, have yielded individuals better adapted to their 
conditions of life than any of those which happened to sur- 
vive. So again a vast number of mature animals and plants, 
whether or not they be the best adapted to their conditions, 
must be annually destroyed by accidental causes, which would 
not be in the least degree mitigated by certain changes of 
structure or constitution which would in other ways be bene- 
ficial to the species. But let the destruction of the adults be 
ever so heavy, if the number which can exist in any district 
be not wholly kept down by such causes,—or again let the 
destruction of eggs or seeds be so great that only a hundredth 
or a thousandth part are developed,—yet of those which do 
survive, the best adapted individuals, supposing that there is 
any variability in a favourable direction, will tend to propa- 
gate their kind in larger nurabers than the less well adapted. 
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If the numbers be wholly kept clown by the causes just indì- 
cated, as will oftcn have bccn the casc, natural sclcction will 
be powerless in certain beneficial directions; but this is no 
valid objection to its cfiìciency at othcr times and in oiher 
ways; for we are far from having any rcason to suppose that 
many species ever undergo modification and improvcmcnt at 
the same time in the sanic area. 

SEXUAL SELECTION. 

Inasmuch as pecuHarities often appear under domestica- 
tion in one sex and become hereditarily attached to that scx, 
so no doubt it will be under naturc. Thus it is rendcred pos- 
sible for the two sexes to be modified through natural selcc- 
tion in relation to different habits of life, as is sometimes the 
case; or for one sex to be modified in relation to the other 
sex, as commonly occurs. This leads mc to say a few words 
on what I have called Sexual Selection. This form of sclec- 
tion depends, not on a struggle for existence in rclation to 
other organic beings or to external conditions, but on a 
struggle between the individuals of one sex, gcnerally the 
males, for the possession of the other sex. The rcsult is not 
death to the unsuccessful competitor, but few or no offspring. 
Sexual selection is, therefore, less rigorous than natural sc- 
lection. Generally, the most vigorous males, those which are 
best fitted for their places in nature, will leave most progeny. 
But in many cases, victory depends not so much on general 
vigour, as on having special weapoiis, confined to the malc 
sex. A hornless stag or spurless cock would havc a poor 
chance of leaving numerous offspring. Sexual selcction, by 
always allowing the victor to breed, might surcly give in- 
domitablc courage, length to the spur, and strength to the 
wing to strike in the spurred leg, in ncarly the samc inanner 
as does the brutal cockfighter by the carcful selection of his 
best cocks. How low in the scale of nature the law of battlc 
descends, I know not; malc alligators havc becn describcd as 
fighting, bellowing, and whirling round, like Indians in a 
war-dance, for the j^ossession of the fcmalcs; male salmons 
havc been observcd fighting all day long; male stag-beetles 
somctimes bear wounds from the huge mandiblcs of other 
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males; the males of certain hymenopterous insects have been 
frequently seen by that inimitable observer M. Fabre, fighting 
for a particular female who sits by, an apparently uncon- 
cerned beholder of the struggle, and then retires with the 
conqueror. The war is, perhaps, severest between the males 
of polygamous animals, and these seem oftenest provided 
with special weapons. The males of carnivorous animals 
are already well armed; though to them and to others, special 
means of defence may be given through means of sexual 
selection, as the mane of the lion, and the hooked jaw to the 
male salmon; for the shield may be as important for victory, 
as the sword or spear. 

Amongst birds, the contest is often of a niore peaceful 
character. AII those who have attended to the subject, be- 
lieve that there is the severest rivalry betwen the males of 
many species to attract, by singing, the females. The rock- 
thrush of Guiana, birds of paradise, and some others, congre- 
gate; and successive males display with the most elaborate 
care, and show ofìf in the best manner, their gorgeous plu- 
mage; they likewise perform strange antics before the fe- 
males, which, standing by as spectators, at last choose the most 
attractive partner. Those who have closely attended to birds 
in confinement well know that they often take individual 
preferences and dislikes; thus Sir R. Heron has described 
how a pied peacock was eminently attractive to all his hen 
birds. I cannot here enter on the necessary details; but if 
man can in a short time give beauty and an elegant carriage 
to his bantams, according to his standard of beauty, I can see 
no good reason to doubt that female birds, by selecting, dur- 
ing thousands of generations, the most melodious or beautiful 
males, according to their standard of beauty, might produce a 
marked effect. Some well-known laws, with respect to the 
plumage of male and female birds, in comparison with the 
plumage of the young, can partly be explained through the 
action of sexual selection on variations occurring at different 
ages, and transmitted to the males alone or to both sexes at 
corresponding ages; but I have not space here to enter on 
this subject. 

Thus it is, as I believe, that when the males and females of 
any animal have the same general habits of life, but differ in 


ACTION OF KATURAL SELECTION 


103 


structiire, colour, or ornament, such differences have been 
mainly caused by sexual selection: that is, by individiial males 
having had, in successive generations, some slight advantage 
over other males, in their weapons, means of defence, or 
charms, which they have transmitted to their male offspring 
alone. Yet, I would not wish to attribute all sexual differ- 
ences to this agency: for we see in our domestic animals 
peculiarities arising and becoming attaclied to the male sex, 
which apparently have iiot been augmented through selection 
by man. The tuft of hair on the breast of the wild turkey- 
cock cannot be of any use, and it is doubtful whether it can 
be ornamental in the eyes of the female bird;—indeed, had 
the tuft appeared under domesticatioii, it would have been 
called a monstrosity. 

ILLUSTRATIONS OF THE ACTION OF NATURAL SELECTION, OR 
THE SURVIVAL OF THE FITTEST. 

In order to make it clear how, as I helieve, natiiral selec- 
tion acts, I must beg permission to give one or two imaginary 
illustrations. Let us take the case of a wolf, which preys on 
various animals, securing some by craft, some by strength, 
and some by fleetness; and let us suppose that the fleetest 
prey, a deer for instance, had from any change in the country 
increased in numbers, or that other prey had decreased in 
numbers, during that season of the year when the wolf was 
hardest pressed for food. Under such circumstances the 
swiftest and slimmest wolves wonld have the best chance of 
surviving and so be preservcd or selected,—provided always 
that they retained strength to master their prey at this or 
some other period of the year, when they were compelled to 
prey on other animals. I can see no more reason to doubt 
that this would be the result, than that man should be able to 
improve the fleetness of his greyhounds by careful aiid 
methodical selection, or by that kind of unconscious selection 
which follows from each man trying to keep the best dogs 
without any thought of modifying the breed. I may add, 
that, according to Mr. Pierce, there are two varieties of the 
wolf inhabiting the Catskill Mountains, in the United States, 
one with a light greyhound likc form, whicii piirsucs dccr, 
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and the other more bulky, with shorter legs, which more fre- 
quently attacks the shepherd’s flocks. 

It should be observed that, in the above illustration, I speak 
of the slimmest individual wolves, and not of any single 
strongly-marked variation having been preserved. In former 
editions of this work I sometimes spoke as if this latter alter- 
native had frequently occurred. I saw the great importance 
of individual differences, and this led me fully to discuss the 
results of unconscious selection by man, which depends on 
the preserv^ation of all the more or less valuable individuals, 
and on the destruction of the worst. I saw, also, that the 
preservation in a state of nature of any occasional deviation 
of structure, such as a monstrosity, would be a rare event; 
and that, if at first preserved, it would generally be lost by 
subsequent intercrossing wdth ordinary individuals. Never- 
theless, until reading an able and valuable article in the 
‘North British Review’ (1867), I did not appreciate how 
rarely single variations, whether slight or strongly-marked, 
could be perpetuated. The author takes the case of a pair 
of animals, producing during their lifetime two hundred off- 
spring, of which, from various causes of destruction, only two 
on an average survive to pro-create their kind. This is 
rather an extreme estimate for most of the higher animals, 
but by no means so for many of the lower organisms. He 
then shows that if a single individual were born, which varied 
in some manner, giving it twice as good a chance of life as 
that of the other individuals, yet the chances would be 
strongly against its survival. Supposing it to survive and to 
breed, and that half its young inherited the favourable vari- 
ation; still, as the Reviewer goes on to show, the young would 
have only a slightly better chance of surviving and breeding; 
and this chance would go on decreasing in the succeeding 
generations. The justice of these remarks cannot, I think, 
be disputed. If, for instance, a bird of some kind could pro- 
cure its food more easily by having its beak curved, and if 
one were born with its beak strongly curved, and which con- 
sequently flourished, nevertheless there would be a very poor 
chance of this one individual perpetuating its kind to the ex- 
clusion of the common form; but there can hardly be a doubt, 
judging by what \ve see taking place under domestication, 
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that this result would follow from thc prcscrvation during 
many generations of a largc numbcr of individuals with morc 
or less strongly curvcd bcaks, and from the dcstruction of a 
still larger numbcr with the straightest beaks. 

It should not, however, be overlooked that ccrtain rather 
strongly marked variations, which no onc would rank as mcre 
individual differences, frcquently rccur owing to a similar 
organisation being similarly acted on—of which fact numer- 
ous instances could be given with our domestic productions. 
In suclì cases, if the varying individual did not actually trans- 
mit to its offspring its newly-acquired character, it would un- 
doubtedly transmit to them, as long as the existing conditions 
remained the same, a still strongcr tendency to vary in the 
same manner. There can also be little doubt that the ten- 
dency to vary in the same manner has often been so strong 
that all the individuals of the same specics have bcen simi- 
larly modified without the aid of any form of sclection. Or 
only a third, fifth, or tenth part of the individuals may have 
been thus affected, of which fact several instances could be 
given. Thus Graba estimates that about one-fifth of the 
guillemots in the Faroe Islands consist of a variety so wcll 
marked, that it was formerly ranked as a distinct species 
under the name of Uria lacrymans. In cases of this kind, if 
the variation were of a bcneficial nature, the original form 
would soon be supplanted by the modified form, through the 
survival of the fittest. 

To the effects of intercrossing in eliminating variations of all 
kinds, I shall have to recur; but it may be here remarked that 
most animals and plants kccp to their proper homes, and do 
not needlessly wander about; we see this even with migratory 
birds, which almost always return to the same spot. Conse- 
quently cach newly-formed variety would generally be at 
first local, as seems to be thc common rulc with varicties in a 
state of nature; so that similarly niodified individuals would 
soon exist in a small body togethcr, and would often breed 
together. If the new varicty wcre successful in its battle for 
life, it would slowly sprcad from a ccntral district, competing 
with and conquering the unchanged individuals on the mar- 
gins of an ever-incrcasing circle. 

It may be worth while to give anothcr and more complex 
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ìllustration of the action of natural selection. Certain plants 
excrete sweet juice, apparently for the sake of eliminating 
something injurious from the sap: this is effected, for in- 
stance, by glands af the base of the stipules in some Legu- 
minosse, and at the backs of the leaves of the common laurel. 
This juice, though small in quantity, is greedily sought by 
insects; but their visits do not in any way benefit the plant 
Now, let us suppose that the juice or nectar was excreted 
from the inside of the flowers of a certain number of plants 
of any species. Insects in seeking the nectar would get 
dusted with pollen, and would often transport it from one 
flower to another. The flowers of two distinct individuals 
of the same species would thus get crossed; and the act of 
crossing, as can be fully proved, gives rise to vigorous seed- 
lings, which consequently would have the best chance of flour- 
ishing and surviving. The plants which produced flowers 
with the largest glands or nectaries, excreting much nectar, 
would oftenest be visited by insects, and would oftenest be 
crossed; and so in the long-run would gain the upper hand 
and form a local variety. The flowers, also, which had their 
stamens and pistils placed, in relation to the size and habits 
of the particular insect which visited them, so as to favour 
in any degree the transportal of the pollen, would likewise 
be favoured. We might have taken the case of insects visit- 
ing flowers for the sake of collecting pollen instead of nectar; 
and as pollen is formed for the sole purpose of fertilisation, 
its destruction appears to be a simple loss to the plant; yet if 
a little pollen were carried, at first occasionally anJThen 
habitually, by the pollen-devouring insects from flower to 
flower, and a cross thus effected, although nine-tenths of the 
pollen were destroyed, it might still be a great gain to the 
plant to be thus robbed; and the individuals whìch produced 
more and more pollen, and had larger anthers, would be 
selected. 

When our plant, by the above process long continued, had 
been rendered highly attractive to insects, they would, unin- 
tentionally on their part, regularly carry pollen from flower 
to flower; and that they do this effectually, I could easily 
show by many striking facts. I will give only one, as like- 
wise illustrating one step in the separation of the sexes of 
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plants. Some holly-trees bear only inale flowers, which havc 
foiir stamens procliicing a rather small quantity of pollcn, and 
a rudimentary pistil; other holly-trees bear only femalc 
flowers; these have a full-sized pistil, and four stamens with 
shrivelled anthers, in which not a grain of pollen can be de- 
tected. Having found a female tree exactly sixty yards from 
a male tree, I put the stigmas of twcnty flowers, taken from 
different branches, under thc microscope, and on all, without 
exception, there were a few pollen-grains, and on some a 
profusion. As the wind had set for several days from the 
female to the male tree, the pollen could not thus have bcen 
carried. The weather had been cold and boisterous, and 
therefore not favourable to bees, nevertheless every female 
flower which I examined had been effectually fertilised by the 
bees, which had flown froin trec to tree in search of nectar. 
But to return to our imaginary case: as soon as the plant had 
been rendered so highly attractive to insects that pollen was 
regularly carried from flower to flower, another process 
might cominence. No naturalist doubts the advantage of 
what has been called the ‘'physiological division of labour;’’ 
bence we may believe that it would be advantageous to a 
plant to produce stamens alone in one flower or on one whole 
plant, and pistils alone in another flower or on another plant. 
In plants under culture and placcd under new conditions of 
lifc, sonietimes the male organs and sometimes the fcmale 
organs become more or less impotent; now if we supposc this 
to occur in ever so slight a degree undcr naturc, then, as 
pollen is already carried regularly from flower to flower, and 
as a more complete separation of thc sexes of our plant would 
be advantageous on the principle of the division of labour, 
individuals with this tendency more and more increased,wouId 
be continually favoured or selected, until at last a complctc 
separation of the sexes might be effccted. It would take iip 
too much space to show the various steps, through dimorph- 
ism and othcr means, by which the separation of the sexcs in 
plants of various kinds is apparently now in progress; but I 
may add that some of the species of holly in North America, 
are, according to Asa Oray, in an exactly intermediate con- 
dition, or, as he expresses it, are more or less dioeciously 
polygamous. 
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Let us now turn to the nectar-feeding insects; we may 
suppose the plant, of which we have been slowly increasing 
the nectar by continued selection, to be a common plant; and 
that certain insects depended in main part on its nectar for 
food. I could give many facts showing how anxious bees are 
to save time; for instance, their habit of cutting holes and 
sucking the nectar at the bases of certain flowers, which with 
a very little more trouble, they can enter by the mouth. 
Bearing such facts in mind, it may be believed that under cer- 
tain circumstances individual differences in the curvature or 
length of the proboscis, &c., too slight to be appreciated by 
us, might profit a bee or other insect, so that certain indi- 
viduals would be able to obtain their food more quickly than 
others; and thus the communities to which they belonged 
would flourish and throw off many swarms inheriting the 
same peculiarities. The tubes of the corolla of the common 
red and incarnate clovers (Trifolium pratense and incar- 
natum) do not on a hasty glance appear to differ in length; 
yet the hive-bee can easily suck the nectar out of the incar- 
nate clover, but iiot out of the common red clover, which is 
visited by humble-bees alone; so that whole fields of the red 
clover offer in vain an abundant supply of precious nectar to 
the hive-bee. That this nectar is much liked by the hive-bee is 
certain; for I have repeatedly seen, but only in the autumn, 
many hive-bees sucking the flowers through holes bitten in 
the base of the tube by humble-bees. The difference in the 
length of the corolla m the two kinds of clover, which deter- 
mines the visits of the hive-bee, must be very trifling; for I 
have been assured that when red clover has been mown, the 
flowers of the second crop are somewhat smaller, and that 
these are visited by many hive-bees. I do not know whether 
this statement is accurate; nor whether another published 
statement can be trusted, namely, that the Ligurian bee, which 
is generally considered a mere variety of the common hive- 
bee, and which freely crosses with it, is able to reach and suck 
the nectar of the red clover. Thus, in a country where this kind 
of clover abounded, it might be a great advantage to the 
hive-bee to have a slightly longer or differently constructed 
proboscis. On the other hand, as the fertility of this clover 
absolutely depends on bees visiting the flowers, if humble- 
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bees were to becoiiie rare in any coimtry, it mìght be a great 
advantage to the plant to have a shorter or niore deeply di- 
vided corolla, so that the hive-bees should be cnabled to suck 
its flowers. Thus I can imdcrstand how a flower and a bce 
might slowly become, cither simultaneously or one after the 
other, modificd and adapted to each other in the most perfect 
manner, by the continued preservation of all the individuals 
which presented slight deviations of structure mutually fa- 
vourable to each other. 

I am well aware that this doctrinc of natural selection, 
exemplified in the above imaginary instances, is open to the 
same objections which were first urged against Sir Charles 
Lyell’s noblc vicws on “thc modern changcs of the earth, as 
illustrative of gcology but we now scldom hear the agencies 
which we see still at work, spokcn of as trifling or insignifi- 
cant, when used in explaiiiing the excavation of the deepest 
valleys or the formation of long lines of inland clifìfs. Nat- 
ural selection acts only by the preservation and accumulation 
of small inherited modifications, each profitable to the prc- 
served being; and as modern geology has alniost banished 
such views as the excavation of a great valley by a single 
diluvial wave, so will natural selcction banish the belief of 
the continued creation of new organic beings, or of any great 
and sudden modification in their structurc. 

ON TIIE INTERCROSSING OF INDIVIDUALS 

I must herc introduce a short digression. In the case of 
animals and plants with separated sexcs, it is of coursc obvi- 
ous that two individuals must always (with thc exception of 
the curious and not well understood cases of parthenogenc- 
sis) unite for each birth; but iii the case of hermaphroditcs 
this is far from obvious. Nevcrtheless there is rcasoii to bc- 
lieve that with all hermaphrodites two individtials, eithcr 
oecasionally or habitually, concur for the rcproduction of 
their kind. This view was long ago donbtfully snggestcd by 
Sprengel, Knight and Kòlreiitcr. \Ve shall prcsently sce its 
importance; but I must herc treat the snbjcct with extrcme 
brevity, tbough I havc the matcrials jmcparcd for an aniplc 
diseussion. All vcrtcbrate animals, all insccts, and somc 
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other large groups of animals, pair for each birth. Modern 
research has much diminished the number of supposed her- 
maphrodites, and of real hermaphrodites a large number 
pair; that is, two individuals regularly unite for reproduc- 
tion, which is all that concerns us. But still there are many 
hermaphrodite animals which certainly do not habitually pair, 
and a vast majority of plants are hermaphrodites. What 
reason, it may be asked, is there for supposing in these cases 
that two individuals ever concur in reproduction ? As it is 
impossible here to enter on details, I must trust to some gen- 
eral considerations alone. 

In the first place, I have collected so large a body of facts, 
and made so many experiments, showing, in accordance with 
the almost universal belief of breeders, that with animals and 
plants a cross between different varieties, or between indj- 
viduals of the same variety but of another strain, gives vigour 
and fertility to the offspring; and on the other hand, that 
close interbreeding diminishes vigour and fertility; that these 
facts alone incline me to believe that it is a general law of 
nature that no organic being fertilises itself for a perpetuity 
of generations; but that a cross with another individual is 
occasionally—^perhaps at long intervals of time—indispen- 
sable. 

On the belief that this is a law of nature, we can, I think, 
understand several large classes of facts, such as the follow- 
ing, which on any other view are inexplicable. Every 
hybridizer knows how unfavourable exposure to wet is to 
the fertilisation of a flower, yet what a multitude of flowers 
have their anthers and stigmas fully exposed to the weather! 
If an occasional cross be indispensable, notwithstanding that 
the plant’s own anthers and pistil stand so near each other 
as almost to insure self-fertilisation, the fullest freedom for 
the entrance of pollen from another individual will explain 
the above state of exposure of the organs. Many flowers, on 
the other hand, have their organs of fructification closely en- 
closed, as in the great papilionaceous or pea-family; but these 
almost invariably present beautiful and curious adaptations 
in relation to the visits of insects. So necessary are the visits 
of bees to many papilionaceous flowers, that their fertility is 
greatly diminished if these visits be prevented. Now, it is 
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scarcely possible for insects to fly froin flowcr to flowcr, and 
not to carry pollen from one to the othcr, to the great goocl 
of the plant. Insects act like a camel-hair pcncil, and it is 
sufficient, to cnsure fertilisation, just to touch with the sanie 
brush the anthers of one flower and then the stigina of an- 
other; but it must not be supposed that bees would thus pro- 
duce a multitude of hybrids between distinct species; for if a 
plant’s own pollen and that from anothcr species arc placed 
on the same stigma, the former is so prepotent that it in- 
variably and completely destroys, as has been shown by Giirt- 
ner, the influence of the foreign pollen. 

When the stamens of a flowcr suddenly spring towards the 
pistil, or slowly inove one after the other towards it, the con- 
trivance seems adaptcd solely to ensure self-fertilisation; and 
no doubt it is useful for this end: but thc agency of insects is 
often required to cause the stamens to spring forward, as 
Kolreuter has shown to be the case with the barberry; and in 
this very genus, which seems to have a special contrivance 
for self-fertilisation, it is well known that, if closely-allied 
forms or varieties are planted near each other, it is hardly 
possible to raise pu.re seedlings, so largely do they naturally 
cross. In numerous other cases, far from self-fertilisation 
being favoured, there are spccial contrivances which eft'cc- 
tually prevent the stigma receiving pollen from its own 
flower, as I could show from the works of Sprengel and 
others, as well as from my own observations: for instancc, 
in Lobelia fulgens, there is a really beautiful and elaborate 
contrivance by which all the infinitely numerous pollen- 
granules are swept out of the conjoined anthers of each 
flower, before the stigma of that individual flower is ready to 
receive them; and as this flower is never visited, at least irt 
my garden, by insects, it never sets a .seed, though by placing 
pollen from one flower on the stigma of another, I raise 
plenty of seedlings. Another species of Lobelia, which is 
visited by bees, seeds freely in my garden. In very many 
other cases, though there is no special mechanical contrivance 
to prevent the stigma receiving pollen from the samc flowcr, 
yet, as Sprengel, and more receiitly Hildcbrand, and othcrs, 
have shown, and as I can confìrm, eithcr the anthers burst bc- 
fore the stigma is ready for fertilisation, or ihe stigma is 


112 


ORIGIN OF SPECIES 


ready before the pollen of that flower is ready, so that these 
so-named dichogamous plants have in fact separated sexes, 
and must habitually be crossed. So ìt is with the reciprocally 
dimorphic and trimorphic plants previously alluded to. How 
strange are these facts! How strange that the pollen and 
stigmatic surface of the same flower, though placed so close 
together, as if for the very purpose of self-fertilisation, 
should be in so many cases mutually useless to each other? 
How simply are these facts explained on the view of an oc- 
casional cross with a dìstinct individual being advantageous 
or indispensable I 

If several varieties of the cabbage, radish, onion, and of 
some other plants, be allowed to seed near each other, a large 
majority of the seedlings thus raised turn out, as I have 
found, mongrels: for instance, I raised 233 seedling cabbages 
from some plants of different varieties growing near each 
other, and of these only 78 were true to their kind, and some 
even of these were not perfectly true. Yet the pistil of each 
cabbage-flower is surrounded not only by its own six stamens 
but by those of the many other flowers on the same plant; 
and the pollen of each flower readily gets on its own stigma 
without insect agency; for I have found that plants carefully 
protected from insects produce the full number of pods. 
How, then, comes it that such a vast number of the seedlings 
are mongrelized? It must arise from the pollen of a dis- 
tinct varicty having a prepotent effect over the flower’s own 
pollen; and that this is part of the general law of good being 
derived from the intercrossing of distinct individuals of the 
same species. When distinct species are crossed the case is 
reversed, for a plant’s own pollen is almost always prepotent 
over foreign pollen; but to this subject we shall return in a 
future chapter. 

In the case of a large tree covered with innumerable 
flowers, it may be objected that pollen could seldom be carried 
from tree to tree, and at most only from flower to flower on 
the sanre tree; and flowers on the same tree can be consid- 
ered as distinct individuals only in a limited sense. I believe 
this objection to be valid, but that nature has largely pro- 
vided against Ìt by giving to trees a strong tendency to bear 
flowers with separated sexes. When the sexes are separated. 
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althoiigli the male ancl female flowers may be produced on the 
same tree, pollen must be regularly carried froin flowcr to 
flowcr; and this will give a better chance of pollen being oc- 
casionally carried from tree to tree. That trccs bclonging to 
all Orders have thcir sexcs morc often scparated than other 
plants, I fìnd to be tlie case in this country; and at my rc- 
quest Dr. Hooker tabulated the trecs of New Zealand, and 
Dr. Asa Gray those of thc United States, and the result was 
as I anticipated. On the othcr hand, Dr. Hooker informs me 
that the rule does not hold good in Australia: but if most of 
the Australian trees are dichogamous, the same result would 
follow as if they bore flowers with separated sexcs. I have 
made these fcw remarks on trecs simply to call attention to 
the subject. 

Turning for a brief space to animals: various terrestrial 
species are hermaphrodites, such as the land-mollusca and 
earth-worms; but these all pair. As yct I have not found a 
single terrestrial animal which can fertilise itself. This re- 
markable fact, which offers so strong a contrast with terres- 
trial plants, is intelligible on the vicw of an occasional cross 
being indispensablc ; for owing to the naturc of the fertilis- 
ing element there are no means, analogous to the action of 
insects and of the wind with plants, by which an occasional 
cross could be effected with terrestrial animals without the 
concurrence of two individiials. Of aquatic animals, there 
are many self-fertilising hermaphrodites; but here the cur- 
rents of water offer an obvious mcans for an occasional cross. 
As in the case of flowers, I have as yet failed, after consulta- 
tion with one of the highest authorities, namely, Profcssor 
Huxley, to discover a single hcnnaphrodite animal with the 
organs of reproduction so perfectly cncloscd that access from 
without, and the occasional influencc of a distinct individual, 
can be shown to be physically impossible. Cirripedes long 
appeared to me to present, undcr this point of vicw, a case 
of great difficulty; but I have been enablcd, by a fortunate 
chancc, to provc that two individuals, though both are self- 
fertilising hermaphrodites, do somctimes cross. 

It must have struck most naturalists as a strange anomaly 
that, both with animals and plants, somc spccics of the same 
family and even of thc same gcnus, thougli agrecing closely 
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wìth each other in their whole organisation, are hermaphro- 
dites, and some unisexual. But if, in fact, all hermaphro- 
dites do occasionally intercross, the difference between them 
and unisexual species ìs, as far as function is concerned, very 
small. 

From these several considerations and from the many 
special facts which I have collected, but which I am unable 
here to give, it appears that with animals and plants an oc- 
casional intercross between distinct individuals is a very gen- 
eral, if not universal, law of nature. 

CIRCUMSTANCES FAVOURABLE FOR THE PRODUCTION OF NEW 
FORMS THROUGH NATURAL SELECTION. 

This is an extremely intricate subject. A great amount of 
variability, under which term individual differences are al- 
ways included, will evidently be favourable. A large num- 
ber of individuals, by giving a better chance within any given 
period for the appearance of profitable variations, will com- 
pensate for a lesser amount of variability in each individual, 
and is, I believe, a highly important element of success. 
Though Nature grants long periods of time for the work of 
natural selection, she does not grant an indefinite period; for 
as all organic beings are strìving to seize on each place in 
the economy of nature, if any one species does not become 
modified and improved in a corresponding degree with its 
competitors, it will be extermìnated. Unless favourable vari- 
ations be inherited by some at least of the offspring, nothing 
can be effected by natural selection. The tendency to rever- 
sion may often check or prevent the work; but as this ten- 
dency has not prevented man from forming by selection nu- 
merous domestic races, why should it prevail against natural 
selection ? 

In the case of methodical selection, a breeder selects for 
some definite object, and if the ìndividuals be allowed freely 
to intercross, his work will completely fail. But when many 
men, without intending to alter the breed, have a nearly com- 
mon standard of perfection, and all try to procure and breed 
from the best animals, improvement surely but slowly follows 
from this unconscious process of selection, notwithstanding 
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that there is no separation of selected individuals. Thiis it 
will be under nature; for within a confìned area, with some 
place in the natural polity not perfectly occupied, all the in- 
dividuals varying in the right direction, though in dilTerent 
degrees, will tend to be preserved. But if the area be large, 
its several districts will almost certainly present diffcrent con- 
ditions of life; and then, if thc same specics undergoes modi- 
fìcation in different districts^ thc newly-formed varieties will 
intercross on the confìnes of each. But we shall see in thc 
sixth chapter that intermediatc varieties, inhabiting intcr- 
mediate districts, will in the long run gcnerally be supplanted 
by one of the adjoining varieties. Intercrossing will chiefly 
affect those animals which unite for each birth and wander 
much, and which do not brced at a vcry quick rate. Hence 
with animals of this nature, for instance, birds, varieties will 
generally be confined to separated countries; and this I find 
to be the case. With hermaphrodite organisms which cross 
only occasionally, and likewise with animals which unite for 
each birth, btit which wander littlc and can increase at a 
rapid rate, a new and improved variety might bc quickly 
formed on any one spot, and might there maintain itself in a 
body and afterwards spread, so that the individuals of the 
new variety would chiefly cross together. On this principle, 
nurserymen always prefer saving seed from a large body of 
plants, as the chance of intercrossing is thus lessened. 

Even with animals which unite for cach birth, and which 
do not propagate rapidly, we must not assumc that free in- 
tercrossing would always eliminate the effects of natural 
selection; for I can bring forward a considerable body of 
facts showing that withiii the same area, two varieties of the 
same animal may long rcmain distinct, from haunting differ- 
ent stations, from breeding at slightly different scasons, or 
from the individuals of each variety prcferring to pair to- 
gether. 

Intercrossing plays a very important part in natiire by 
keeping the individuals of the same specics, or of thc samc 
variety, true and uniform in character. It will obviously 
thus act far more efiiciently with thosc animals which unitc 
for each birth; but, as already stated, we havc reason to be- 
lieve that occasional intcrcrosses take place with all animals 
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and plants. Even if these take place only at long intervals 
of time, the young thus produced will gain so much in vigour 
and fertility over the offspring from long-continued self-fer- 
tilisation, that they will have a better chance of surviving 
and propagating their kind; and thus in the long run the in- 
fluence of crosses, even at rare intervals, will be great. WitH 
respect to organic beings extremely low in the scale, which 
do not propagate sexually, nor conjugate, and which cannot 
possibly intercross, uniformity of character can be retained 
by them under the same conditions of life, only through the 
principle of inheritance, and through natural selection which 
will destroy any individuals departing from the proper type. 
If the conditions of life change and the form undergoes modi- 
fication, uniformity of character can be given to the modified 
offspring, solely by natural selection preserving similar fa- 
vourable variations. 

Isolation, also, is an important element in the modification 
of species through natural selection. In a confined or iso- 
lated area, if not very large, the organic and iiiorganic con- 
ditions of life will generally be almost uniform; so that nat- 
ural selection will tend to modify all the varying individuals 
of the same species in the same manner. Intercrossing with 
the inhabitants of the surrounding districts will, also, be thus 
prevented. Moritz Wagner has lately published an interest- 
ing essay on this subject, and has shown that the service 
rendered by isolation in preventing crosses between newly- 
formed varieties is probably greater even than I supposed. 
But from reasons already assigned I can by no means agree 
with this naturalist, that migration and isolation are neces- 
sary elements for the formation of new species. The im- 
portance of isolation is likewise great in preventing, after 
any physical change in the conditions such as of climate ele- 
vation of the land, &c., the immigration of better adapted or- 
ganisms; and thus new places in the natural economy of the 
district will be left open to be filled up by the niodification of 
the old inhabitants. Lastly, ìsolation will give time for a 
new variety to be improved at a slow rate; and this may 
sometimes be of much importance. If, however, an isolated 
area be very small, either from being surrounded by barriers, 
or from having very peculìar physical conditions, the total 
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inimbcr of thc inhabitants will bc small; and this will rctard 
thc production of iiew spccies throngh natural selection, by 
decreasing the chanccs of favourable variations arising. 

The mcre lapse of time by itself does nothing, either for 
or against natural sclection. I state this because it has been 
erroneously asserted that the element of time has been as- 
sumed by me to play an all-iniportant part in modifying 
species, as if all the forms of life were necessarily undcrgo- 
ing change through some innate law. Lapse of time is only 
so far important, and its importance in this respect is great, 
that it gives a better chance of beneficial variations arising 
and of their being selected, accnmulated, and fixed. It like- 
wise tends to increase the direct action of the physical 
conditions of life, in relation to the constitntion of each 
organism. 

If we turn to nature to test the truth of these remarks, and 
look at any small isolated area, such as an oceanic island, al- 
though the number of species inhabiting it is small, as we 
shall see in our chapter on Geographical Distribution; yet 
of these species a very large proportion are endemic,—that 
is, have been produced there and nowhere else in the world. 
Hence an oceanic island at first sight secins to have been 
highly favourable for the production of new species. But 
we may thus deceive ourselves, for to ascertain whether a 
small isolated area, or a large open area like a continent, has 
been most favourable for the prodnction of new organic 
forms, we ought to makc the comparison within equal times; 
and this we are incapable of doing. 

Althongh isolation is of great importance in the production 
of new species, on the whole I am inclined to believe that 
largeness of area is still more important, especially for thc 
production of species which shall prove capablc of cndnring 
for a long period, and of spreading wddely. Throughout a 
great and open area, not only will there be a bettcr chance of 
favourable variations, arising from the large niiniber of indi- 
viduals of the same species there supportcd, but the conditions 
of life are much more complex froni thc largc luimber of al- 
ready existing species; and if some of these inany specics 
become modified and improved, othcrs will liave to be im- 
proved in a corresponding degree, or they will be extermi- 
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nated. Each new form, also, as soon as it has been much 
improved, will be able to spread over the open and continu- 
ous area, and will thus come into competition with many 
other forms. Moreover, great areas, though now continuous, 
will often, owing to former oscillations of level, have existed 
in a broken condition; so that the good effects of isolation 
will generally, to a certain extent, have concurred. Finally, 
I conclude that, although small isolated areas have been in 
some respects highly favourable for the production of new 
species, yet that the course of modification will generally have 
been more rapid on large areas; and what is more important, 
that the new fornis produced on large areas, which already 
have been victorious over many competitors, will be those 
that will spread most widely, and will give rise to the great- 
est number of new varieties and species. They will thus 
play a more important part in the changing history of the 
organic world. 

In accordance with this view, we can, perhaps, understand 
some facts which will be again alluded to in our chapter on 
Geographical Distribution; for instance, the fact of the pro- 
ductions of the smaller continent of Australìa now yielding 
before those of the larger Europaeo-Asiatic area. Thus, also, 
it is that continental productions have everywhere become so 
largely naturalised on islands. On a sniall island, the race 
for life will have been less severe, and there will have been 
less modification and less extermination. Hence, we can 
understand how it is that the flora of Madeira, according to 
Oswald Heer, resembles to a certain extent the extinct ter- 
tiary flora of Europe. AII fresh-water basins, taken together, 
make a small area compared with that of the sea or of the 
land. Consequently, the competition between fresh-water 
productions will have been less severe than elsewhere; new 
forms will have been then more slowly produced, and old 
forms niore slowly exterminated. And it is in fresh-water 
basins that we find seven genera of Ganoid fishes, remnants 
of a once preponderant order: and in fresh water we find 
some of the most anomalous forms now known in the world 
as the Ornithorhynchus and Lepidosiren, which, like fossils, 
connect to a certain extent orders at present widely sundered 
in the natural scale. These anomalous forms may be called 


PRODUCTION OF NEW FORMS 


119 


living fossils; they havc cndurcd to thc present day, from 
having inhabited a confìned area, and from having bccn ex- 
posed to less varicd, and thcrefore less scvere, competitiun. 

To sum up, as far as thc extreme intrìcacy of the subjcct 
permits, the circumstanccs favourable and unfavourable for 
the production of new species through natural selcction. I 
conclude that for terrestrial productions a large continental 
area, which has undergone many oscìllations of level, will 
have been the most favourable for the production of many 
new forms o£ life, fìtted to cndure for a long time and to 
spread widely. Whilst the area existed as a continent, the in- 
habitants will have been nunierous in individuals and kinds. 
and will have been subjected to sevcre competition. When 
converted by subsidence into large separate islands, there 
will still have existed many individuals of the same spccics 
on each island; intercrossing on thc confines of the range of 
each new species will have been chcckcd; after physical 
changes of any kind, imniigration will have been preventcd, 
so that new places in the poHty of each island will have had 
to be filled up by the modification of the old inhabitants; and 
time will have bcen allowed for thc varieties in each to be- 
come well modified and perfected. When, by rcncwcd elcva- 
tion, the islands were reconverted into a continental area, 
there will again have been very severe competition: the most 
favoured or improved varieties will have bcen enabled to 
spread: there will have been much extinction of the less im- 
proved forms, and thc relative proportional numbcrs of thc 
various inhabitants of the reunited continent will again have 
been changed; and again there will have been a fair field for 
natural selection to improvc still further the inhabitants, and 
thus to produce new species. 

That natural selection generally acts with extreme slow- 
ness I fully admit. It can act only when thcre are places in 
the natural polity of a district which can be bcttcr occupicd 
by the modification of some of its existing inhabitants. Thc 
occurrence of such places will often dcpend on physical 
changes, which generally take place vcry slowly. and on the 
immìgration of better adapted forms being prcventcd. As 
some few of the old inhabitants become modified, tlic inutual 
rclations of otliers will oftcn be disturbed; aiid this will 
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create new places, ready to be filled up by better adapted 
forms; but all this will take place very slowly. Although all 
the individuals of the same species differ in some slight de- 
gree from each other, it would often be long before differ- 
ences of the right nature in various parts of the organisation 
might occur. The result would often be greatly retarded by 
free intercrossing. Many will exclaim that these several 
caiises are amply sufficient to neutralise the power of nat- 
ural selection. I do not believe so. But I do believe that 
natural selection will generally act very slowly, only at long 
intervals of time, and only on a few of the inhabitants of the 
same region. I further believe that these slow, intermittent 
results accord well with what geology tells us of the rate and 
manner at which the inhabitants of the world have changed. 

Slow though the process of selection may be, if feeble man 
can do much by artificial selection, I can see no limit to the 
amount of change, to the beauty and complexity of the co- 
adaptations between all organic beings, one with another 
and with their physical conditions of life, which may have 
been affected in the long course of time through nature’s 
power of selection, that is by the survival of the fittest. 

EXTINCTION CAUSED BY NATURAL SELECTION 

This subject will be more fully discussed in our chapter on 
Geology; but it must here be alluded to from being inti- 
mately connected with natural selection. Natural selection 
acts solely through the preservation of variations in some 
way advantageous, which consequently endure. Owing to 
the high geometrical rate of increase of all organic beings, 
each area is already fully stocked with inhabitants; and it 
follows from this, that as the favoured forms increase in 
nuniber, so, generally, will the less favoured decrease and 
become rare. Rarìty, as geology tells us, is the precursor to 
extinction. We can see that any form which is represented 
by few individuals will run a good chance of utter extinc- 
tion, during great fluctuations in the nature of the seasons, 
or from a temporary increase in the number of its enemies. 
But we may go further than this; for, as new forms are pro- 
duced, unless we admit that specific forms can go on indefi- 
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nitely increasing in number, many old forms must become ex- 
tinct. That the number of specific forms has not indefinitcly 
increased, geology plainly tells us; and we shall presently at- 
tempt to show why it is that the number of species through- 
out the world has not become immeasurably great, 

We have seen that the species which are most numerous 
in individuals havc the best chance of producing favourable 
variations within any given period. We have evidence of 
this, in the facts stated in the second chapter, showing that 
it is the common and diffused or dominant species which 
offer the greatest number of recorded varieties. Hence, rare 
species will be less quickly niodified or improved within any 
given period; they will consequently be beaten in the race for 
life by the modified and improved descendants of the com- 
moner species. 

From these several considerations I think it inevitably fol- 
lows, that as new species in the course of time are fornied 
through natural selection, others will become rarer and rarer, 
and finally extinct. The forms which stand in closest com- 
petition with those undergoing modification and improve- 
ment, will naturally suffer most. And we have seen in the 
chapter on the Struggle for Existence that it is the most 
closely-allied forms,—varieties of the same species. and 
species of the same genus or of related genera,—which, from 
having nearly the same structure, constitution, and habits, 
generaliy come into the severest competition with each 
other; consequently, each new variety or species, during the 
progress of its formation, will generally press hardest on its 
nearest kindred, and tend to exterminate them. We see the 
same process of externiination amongst our domesticated pro- 
ductions, throtigh the selection of improved forms by man. 
Many curious iiistanccs could be given showing how quickly 
new breeds of cattle, sheep, and other animals, and varieties 
of flowers, take the place of older and inferior kinds. In 
Yorkshire, it is historically known that the ancicnt black 
cattle were displaced by the long-horns, and that these ‘Svere 
swept away by the short-horns” (I qtiote the words of an 
agricultural writer) “as if by some murderotis pestilence.” 
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DIVERGENCE OF CHARACTER 

The principle, which I have designated by this term, is of 
high importance, and explains, as I believe, several impor- 
tant facts. In the first place, varieties, even strongly-marked 
ones, though havìng somewhat of the character of species— 
as is shown by the hopeless doubts in many cases how to 
rank them—^yet certainly differ far less from each other than 
do good and distinct species. Nevertheless, according to my 
view, varieties are species in the process of formation, or are, 
as I have called them, incipient species. How, then, does 
the lesser difierence between varieties become augmented into 
the greater difference between species? That this does habit- 
ually happen, we must infer from most of the innumerable 
species throughout nature presenting well-marked differ- 
ences; whereas varieties, the supposed prototypes and par- 
ents of future well-marked species, present slight and ill-de- 
fined differences. Mere chance, as we may call it, might 
cause one variety to differ in some character from its parents, 
and the offspring of this variety again to differ from its 
parent in the very same character and in a greater degree; 
but this alone would never account for so habitual and large 
a degree of difference as that between the species of the same 
genus. 

As bas always been my practice, I have sought light on this 
head from our domestic productions. We shall here find 
something analogous. It will be admitted that the production 
of races so different as short-horn and Hereford cattle, race 
and cart horses, the several breeds of pigeons, &c., could 
never have been effected by the mere chance accumulation of 
similar variations during many successive generations. In 
practice, a fancier is, for instance, struck by a pigeon having 
a slightly shorter beak; another fancier is struck by a pigeon 
having a rather longer beak; and on the acknowledged 
principle that ‘Tanciers do not and will not admire a me- 
dium standard, but like extremes,” they both go on (as 
has actually occurred with the sub-breeds of the tumbler- 
pigeon) choosing and breeding from birds with longer and 
longer beaks, or with shorter and shorter beaks. Again, we 
may suppose that at an early period of history, the men of 
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one nation or district required swifter horses, whilst thosc of 
another rcqiiired stronger and bulkier horses. The carly dif- 
ferences would be very slight; but, in the course of time, from 
the continued selection of swifter horses ìn the one case, and 
of stronger ones in the othcr, the differences would becoine 
greater, and would be noted as forming two sub-breeds. Ul- 
timately, after the lapse of ccnturies, these sub-breeds would 
become converted into two well-cstablished and distinct 
breeds. As the differences became greater, the inferior ani- 
mals with intermediate characters, being neither vcry swift 
nor very strong, would not have been used for brceding, and 
will thus have tended to disappear. Here, then, we sec in 
man’s productions the action of what may be called the prin- 
ciple of divergencc, causing differences, at first barcly appre- 
ciable, steadily to increase, and the breeds to diverge in 
character, both from cach other and from their common 
parent. 

But how, ìt may be asked, can any analogous principle 
apply in nature ? I believe it can and does apply most effi- 
ciently (though it was a long time before I saw how), from 
the simple circumstance that the more diversified the de- 
scendants from any one species become in structure, consti- 
tution, and habits, by so much will they be better enabled to 
seize on many and widely diversified places in the polity of 
nature, and so be enabled to increase in numbers. 

We can clearly discern this in the case of animals with 
simple habits. Take the case of a carnivorous quadruped, 
of which the number that can be supported in any country has 
long ago arrived at its full average. If its natural power of 
increase be allowed to act, it can succeed in increasing (the 
country not undergoing any change in conditions) only by 
its varying descendants seizing on places at present occupied 
by other animals; some of them, for instance, being enabled 
to feed on new kinds of prey, either dead or alive; some 
inhabiting new stations, climbing trees, frequenting water, 
and some perhaps becoming less carnivorous. The morc 
diversified in habits and structure thc desccndants of our 
carnivorous animals becomc, the morc places they will be 
enabled to occupy. What applies lo one aniinal will apply 
throughout all time to all animals—that is, if they vary—for 
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otherwise natural selectìon can effect nothing. So it will be 
with plants. It has been experimentally proved, that if a 
plot of ground be sown with one species of grass, and a similar 
plot be sown with several distinct genera of grasses, a greater 
number of plants and a greater weight of dry herbage can 
be raised in the latter than in the former case. The same 
has been found to hold good when one variety and several 
mixed varieties of wheat have been sown on equal spaces of 
ground. Hence, if any one species of grass were to go on 
varying, and the varieties were continually selected which 
differed from each other in the same manner, though in a 
very slight degree, as do the distinct species and genera of 
grasses, a greater number of individual plants of this species, 
including its modified descendants, would succeed in living 
on the same pìece of ground. And we know that each 
species and each variety of grass is annually sowing almost 
countless seeds; and is thus striving, as it may be said, to the 
utmost to increase in number. Consequently, in the course of 
many thousand generations, the most distinct varieties of 
any one species of grass would have the best chance of suc- 
ceeding and of increasing in numbers, and thus of supplanting 
the less distinct varieties; and varieties, when rendered very 
distinct from each other, take the rank of species. 

The truth of the principle that the greatest amount of life 
can be supported by great diversification of structure, is seen 
under many natural circumstances. In an extremely small 
area, especially if freely open to immigration, and where the 
contest between individual and individual must be very se- 
vere, we always find great diversity in its inhabitants. For 
instance, I found that a piece of turf, three feet by four 
in size, which had been exposed for many years to exactly 
the same conditions, supported twenty species of plants, and 
these belonged to eighteen genera and to eight orders, which 
shows how much these plants dififered from each other. So 
it is with the plants and insects on small and uniform islets: 
also in small ponds of fresh water. Farmers find that they 
can raise most food by a rotatìon of plants belonging to the 
most dififerent orders; nature follows what may be called a 
simultaneous rotation. Most of the animals and plants which 
live close round any small piece of ground, could live on it 
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(supposing its nature not to be in any way peculiar), and 
may be said to be striving to the utmost to live there; but, it 
is seen, that where they come into the closest compctition, the 
advantages of diversification of structure, with the accom- 
panying difìferences of habit and constitution, determine that 
the inhabitants, which thus jostle each other most closely, 
shall, as a general rulc, belong to what we call different 
genera and orders. 

The same principle is seen in the naturalisation of plants 
through man’s agency in foreign lands. It might have been 
expected that the plants which would succeed in becoming 
naturalised in any land would generally have been closely 
allied to the indigenes; for these are commonly looked at as 
specially created and adapted for their own country. It 
might also, perhaps, have been expected that naturalised 
plants would have belonged to a few groups more especially 
adapted to certain stations in their new homes. But the 
case is very different; and Alph. de Candolle has well re- 
marked, in his great and admirable work, that floras gain by 
naturalisation, proportionally with the number of the native 
genera and species, far more in new genera than in new 
species. To give a single instance: in the last edition of 
Dr. Asa Gray’s ‘Manual of the Flora of thc Northern United 
States,’ 260 naturalised plants are cnumerated, and these be- 
long to 162 genera. \Ve thus see that these naturalised plants 
are of a highly diversified nature. They differ, moreover, to 
a large extent, from the indigenes, for out of the 162 natural- 
ised genera, no less than 100 genera are not there indigenous, 
and thus a large proportional addition is made to the genera 
now living in the United States. 

By considering the nature of the plants or animals which 
have in any country struggled successfnlly with the indigenes, 
and have there become naturalised, we may gain some crude 
idea in what manner some of the natives would havc to be 
modified, in order to gain an advantage over their com- 
patriots; and we may at least infer that diversification of 
structure, amounting to new generic differences, would be 
profitable to them. 

The advantage of diversification of structure in the in- 
habitants of the same region is, in fact, thc sanic as that of 
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the physlologìcal division of labor in the organs of the same 
individual body—a subject so well elucidated by Milne Ed- 
wards. No physiologist doubts that a stomach adapted to 
digest vegetable matter alone, or flesh alone, draws most 
nutriment from these substances. So in the general economy 
of any land, the more widely and perfectly the animals and 
plants are diversifìed for different habits of life, so will a 
greater number of individuals be capable of there supporting 
themselves. A set of animals, with their organisation but 
little diversified, could hardly compete with a set more per- 
fectly diversified in structure. It may be doubted, for in- 
stance, whether the Australian marsupials, which are divided 
into groups differing but little from each other, and feebly 
representing, as Mr. Waterhouse and others have remarked, 
our camivorous, ruminant, and rodent mammals, could suc- 
cessfully compete with these well-developed orders. In the 
Australian mammals, we see the process of diversification 
in an early and incomplete stage of development. 

THE PROBABLE EFFECTS OF THE ACTION OF NATURAL SELECTION 
THROUGH DIVERGENCE OF CHARACTER AND EXTINC- 
TION, ON THE DESCENDANTS OF A COMMON 
ANCESTOR 

After the foregoing discussion, which has been much com- 
pressed, we may assume that the modified descendants of any 
one species will succeed so much the better as they become 
more diversified in structure, and are thus enabled to en- 
croach on places occupied by other beings. Now let us see 
how this principle of benefit being derived from divergence 
of character, combined with the principles of natural selec- 
tion and of extinction, tends to act. 

The accompanying diagram will aid us in understanding 
this rather perplexing subject. Let A to L represent the 
species of a genus large in its own country; these species are 
supposed to resemble each other in unequal degrees, as is 
so generally the case in nature, and as is represented in the 
diagram by the letters standing at unequal distances. I have 
said a large genus, because as we saw in the second chapter, 
on an average more species vary in large genera than in 
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sniall genera; and the varying species of the large genera 
present a greater number of varieties. We have, also, seen 
that the species, which are the commonest and the most 
widely diffused, vary more than do the rare and restricted 
species. Let (A) be a common, widely-diffused, and varying 
species, bclonging to a genus large in its own country. The 
branching and diverging dotted lines of uncqiial lengths pro- 
ceeding from (A), may represent its varying ofìfspring. The 
variations are supposed to be extremely slight, but of the 
most diversified nature; they are not supposed all to appear 
simultaneously, but often after long intervals of tinie; nor 
are they all supposed to endure for equal periods. Only those 
variations which are in some way profitable will be preserved 
or naturally selected. And here the importance of the prin- 
ciple of benefit derived from divergence of character comes 
in; for this will generally lead to the most difìferent or di- 
vergent variations (represented by the outer dotted lines) 
being preserved and accumulated by natural selection. When 
a dotted line reaches one of the horizontal lines, and is there 
niarked by a small numbered letter, a sufficient amount of 
variation is supposed tc have been accumulated to form it 
into a fairiy well-niarked variety, such as would be thought 
worthy of record in a systematic work. 

The intervals between the horizontal lines in the diagram, 
may represent each a thousand or more generations. After a 
thousand generations, species (A) is supposed to have pro- 
duced two fairly well-markcd varieties, namely u* and wd. 
These two varieties will generally still be exposed to the 
same conditions which madc their parents variable, and the 
tendency to variability is in itself hereditary; consequently 
they will likewise tend to vary, and commonly in nearly the 
same manner as did their parents. Moreover, these two 
varieties, being only slightly modified forms, will tend to 
inherit those advantages which made their parent (A) morc 
numerous than most of the other inhabitants of the same 
country; they will also partake of those more general advan- 
tages which made the genus to which the parent-species 
belonged, a large genus in its own coiintry. And all 
these circumstances are favorable to the production of new 
varieties. 
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If, then, these two varieties be variable, the most divergent 
of their variations will generally be preserved during the 
next thousand generations. And after ihis interval, variety 
is supposed in the diagram to have produced varìety a', 
which will, owing to the principle of divergence, difìfer more 
from (A) than did variety Variety is supposed to 
have produced two varieties, namely and differing from 
each other, and more considerably from their common parent 
(A). We may continue the process by similar steps for any 
length of time; some of the varieties, after each thousand 
generations, producing only a single variety, but in a more 
and more modified condition, some producing two or three 
varieties, and some failing to produce any. Thus the varie- 
ties or modified descendants of the common parent (A), will 
generally go on increasing in number and diverging in char- 
acter. In the diagram the process is represented up to the 
ten-thousandth generation, and under a condensed and sim- 
plified form up to the fourteen-thousandth generation. 

But I must here remark that I do not suppose that the 
process ever goes on so regularly as is represented in the 
diagram, though in itself made somewhat irregular, nor that 
it goes on continuously; it is far more probable that each 
form remains for long periods unaltered, and then again 
undergoes modification, Nor do I suppose that the most di- 
vergent varieties are invariably preserved; a medium form 
may often long endure, and may or may not produce more 
than one modified descendant; for natural selection will al- 
ways act according to the nature of the places which are 
either unoccupied or not perfectly occupied by other beings; 
and this will depend on infinitely complex relations. But as 
a general rule, the more diversified in structure the descend- 
ants from any one species can be rendered, the more places 
they will be enabled to seize on, and the more their modified 
progeny will increase. In our diagram the line of succession 
is broken at regular intervals by small numbered letters mark- 
ing the successive forms which have become sufiìciently dis- 
tinct to be recorded as varieties. But these breaks are 
imaginary, and might have been ìnserted anywhere, after 
intervals long enough to allow the accumulation of a con- 
siderable amount of divergent variation. 
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As all the modified descendants from a cominon and widely- 
diffused species, belonging to a large genus, will tend to par- 
take of the same advantages which inade their pareiit success- 
ful in life, they will generally go on inultiplying in numberas 
well as diverging in character; this is represented in the dia- 
gram by the several divergcnt branches procecding from (A). 
The modified offspring from the later and inore highly iin- 
proved branches in the lines of descent, will, it is probablc, 
often take the place of, and so destroy, the earlier and Icss im- 
proved branches: this is represented in the diagram by some 
of the lower branches not reaching to the uppcr horizontal 
lines. In some cases no doubt the process of modification 
will be confined to a single line of descent, and the number 
of modified descendants will not be increased; although the 
amount of divergent modification may have been augmented. 
This case would be represented in the diagram, if all ihe 
lines proceeding from (A) were removed, excepting that 
from to In tlie same way the English race-horse and 
English pointer have apparently both gone on slowly diverg- 
ing in character from their original stocks, without either 
having given off any fresh branches or races. 

After ten thousand generations, species (A) is supposed 
to have produced three forms, a'®, and which, from 
having diverged in character during the successive genera- 
tions, will have come to differ largely, but perhaps unequally, 
from each other and from their common parent. If we sup- 
pose the amount of change between each horizontal line in 
our diagram to be excessively small, these three forms may 
still be only well-marked varieties; but we have only to 
suppose the steps in the process of modification to be morc 
numerous or greater in amount, to convert these three forms 
into doubtful or at least into well-defined species, Thus the 
diagram illustrates the steps by which the small differences 
distinguishing varicties are increased into the larger differ- 
ences distinguishing species. By continuing the sanie process 
for a greater number of generations (as shown in the dia- 
gram in a condensed and simplified manner), we gci eight 
species, marked by the letters between aiid ìn'\ all de- 
scended from (A). Thus, as I believe, species are multiplied 
and gencra are formcd. 
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In a large genus it is probable that more than one species 
would vary. In the diagram I have assumed that a second 
species (I) has produced, by analogous steps, after ten thou- 
sand generations, either two well-marked varieties and 
or two species, according to the amount of change sup- 
posed to be represented between the horizontal lines. After 
fourteen thousand generations, six new species, marked by 
the letters to are supposed to have been produced. In 
any genus, the species which are already very different in 
character from each other, will generally tend to produce the 
greatest number of modified descendants; for these will have 
the best chance of seizing on new and widely different places 
in the polity of nature: hence in the diagram I have chosen 
the extreme species (A), and the nearly extreme species (I), 
as those which have largely varied, and have given rise to 
new varieties and species. The other nine species (marked 
by capital letters) of our original genus, may for long but 
unequal periods continue to transmit unaltered descendants; 
and this is shown in the diagram by the dotted lines unequally 
prolonged upwards. 

But during the process of modification, represented in the 
diagram, another of our principles, namely that of extinction, 
will have played an important part. As in each fully stocked 
country natural selection necessarily acts by the selected 
form having some advantage in the struggle for life over 
other forms, there will be a constant tendency in the im- 
proved descendants of any one species to supplant and ex- 
terminate in each stage of descent their predecessors and 
their original progenitor. For it should be remembered that 
the competition will generally be most severe between those 
forms which are most nearly related to each other in habits, 
constitution, and structure. Hence all the intermediate forms 
between the earlier and later states^ that is between the less 
and more improved states of the same species, as well as 
the original parent-species itself, will generally tend to become 
extinct. So it probably will be with many whole collateral 
lines of descent which will be conquered by later and 
improved lines, If, however, the modified offspring of a 
species get into some distinct country, or become quickly 
adapted to scxme quite new station, in which offspring and 
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progenitor do not come into coinpetition, both inay continiie 
to exist. 

If, then, onr diagram be assuined to rcprescnt a consider- 
able amount of modification, species (A) and all the earlier 
varieties will have become extinct, being replaccd by cight 
new species to ìh*) ; and species (I) will be rcplaccd by 
six to new specics. 

But we may go furthcr than this. The original species 
of our genus were supposed to rcsemble each other in unequal 
degrees, as is so generally the case in nature; species (A) 
being more nearly related to B, C, and D, than to the othcr 
species; and species (I) more to G, H, K, L, than to the 
others. These two spccies (A) and (I) were also supposed 
to be very common and widely diffused species, so that they 
must originally have had some advantage over niost of the 
other species of the genus. Thcir modified descendants, 
fourteen in numbcr at the fourteen-thousandth generation, 
will probably have inherited some of the same advantages: 
they have also been modificd and improved in a diversified 
manner at each stage of descent, so as to have bccome adaptcd 
to many related places in the natural economy of their 
country. It seems, therefore, extrcmcly probable that they 
will have takcn thc places of, and thus exterminated, not only 
Iheir parents (A) and (I), but Hkewise some of the original 
species which were most nearly related to their parents. 
Hence very few of the original species will have transmitted 
offspring to the fourteen-thousandth generation. \Ve may 
suppose that only one, (F), of the two species (E and F) 
which were least closely related to thc other nine original 
species, has transmitted descendants to this late stage of 
descent. 

The new species in our diagram descended from the original 
eleven species, will now bc fifteen in numbcr. Owing to the 
tìivergent tendency of natural selection, the extreme amount 
of difference in charactcr between species and will be 
much greater than that between the most distinct of the 
original eleven species. The new specics, moreover, will be 
allied to each other in a widely differcnt manncr. Of the 
eight descendants from (A) thc three markcd a'*, 
will be nearly related from having rccently branchcd off 
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from a”; and from having diverged at an earlier 
period from will be in some degree distinct from the three 
fìrst-named species; and lastly, o^\ P and will be ncarly 
related one to the other, but, from having diverged at the first 
commencement of the process of modification, will be widely 
different from the other five species, and may constitute a 
sub-genus or a distinct genus. 

The six descendants from (I) will form two sub-genera or 
genera. But as the original species (I) differed largely from 
(A), standing nearly at the extreme end of the original 
genus, the six descendants from (I) will, owing to inherit- 
ance alone, differ considerably from the eight descendants 
from (A) ; the two groups, moreover, are supposed to have 
gone on diverging in different directions. The intermediate 
species, also (and this is a very important consideration), 
which connected the original species (A) and (I), have all 
become, excepting (F), extinct, and have left no descend- 
ants. Hence the six new species descended from (I), and 
the eight descendants from (A), will have to be ranked as 
very distinct genera, or even as distinct sub-families. 

Thus it is, as I believe, that two or more genera are pro- 
duced by descent with modification, from two or more species 
of the same genus. And the two or more parent-species are 
supposed to be descended from some one species of an earlier 
genus. In our diagram, this is indicated by the broken lines, 
beneath the capital letters. converging in sub-branches down- 
wards towards a single point; this point represents a species, 
the supposed progenitor of our several sub-genera and 
genera. 

It is worth while to reflect for a moment on the character 
of the new species which is supposed not to have diverged 
much in character, but to have retained the form of (F), 
either unaltered or altered only in a slight degree. In this 
case, its affinities to the other fourteen new species will be of 
a curious and circuitous nature. Being descended from a 
form which stood between the parent-species (A) and (I), 
now supposed to be extinct and unknown, it will be in some 
degree intermediate in character between the two groups 
descended from these two species. But as these two groups 
have gone on diverging in character from the type of their 
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parents, the new species (f'*) will not be directly interme- 
diate between thein, biit ratlier betwecn types of the iwo 
groiips; and every naturalist will be able to c\ll :.\\A\ cases 
before his mind. 

In the diagram, each horizontal line has hitherto been sup- 
posed to represent a thousand gcncrations, but eacb may rep- 
resent a million or niore generations; it may also rcprcsent a 
section of the succcssive strata of the earth’s crust including 
extinct remains. W’e shall, when we comc to our chapter on 
Gcolog}% have to refer again to this subject, and I think we 
shall thcn see that the diagram throws light on the affinities 
of extinct beings, which, though generally belonging to the 
same orders, familics, or gcnera, with thosc now living, yet 
are often, in some degree, intermediate in character between 
existing groups; and we can understand this fact, for the ex- 
tinct species lived at various remote epochs when the 
branching lines of descent had diverged less. 

I see no reason to limit the process of modifìcation, as now 
explained, to the formation of genera alone. If, in the dia- 
gram, we suppose the amount of change represented by each 
successive group of diverging dotted liiies to be great, the 
forms marked a” to those marked and and those 
marked to will form three very distinct genera. We 
shall also have two very distinct genera descended from (I), 
differing widely from the descendants of (A). Those two 
groups of genera will thus form.two distinct families, or 
orders, according to the amount of divergent modification 
supposed to be represented in the diagram. And the two new 
families, or orders, are descended from two species of the 
original genus, and these are supposed to be descended from 
some still more ancient and unknown form. 

We have seen that in each country it is the spccies belong- 
ing to the larger genera which oftenest present varieties or 
incipient spccies. This, indeed, might have bccn expected; 
for, as natural selection acts through one form having somc 
advantage over other forms in the struggle for existcnce, it 
will chiefly act on those which already have somc advantage; 
and the largeness of any group shows that its species have 
inherited from a common ancestor some advantage in com- 
mon. Hence, the struggle for thc production of new and 


134 ORIGIN OF SPECIES 

modified descendants will mainly lie between the larger 
groups which are all trying to increase in number. One 
large group will slowly conquer another large group, reduce 
its numbers, and thus lessen its chance of further variation 
and improvement. Within the same large group, the later 
and more highly perfected sub-groups, from branching out 
and seizing on many new places in the polity of Nature, will 
constantly tend to supplant and destroy the earlier and less 
improved sub-groups. Small and broken groups and sub- 
groups will finally disappear. Looking to the future, we can 
predict that the groups of organic beings which are now 
large and triumphant, and which are least broken up, that 
is, which have as yet suffered least extinction, will, for a long 
period, continue to increase. But which groups will ulti- 
mately prevail, no man can predict; for we know that many 
groups, formerly most extensively developed, have now be- 
come extinct. Looking still more remotely to the future, we 
may predict that, owing to the continued and steady increase 
of the larger groups, a multitude of smaller groups will 
become utterly extinct, and leave no modified descendants; 
and consequently that, of the species living at any one period, 
extremely few will transmit descendants to a remote futurity. 
I shall have to return to this subject in the chapter on Classi- 
fication, but I may add that as, according to this view,^ ex- 
tremely few of the more ancient species have transmitted 
descendants to the present day, and, as all the descendants 
of the same species forra a class, we can understand how it 
is that there exist so few classes in each main division of 
the animal and vegetable kingdoms. Although few of the 
most ancient species have left modified descendants, yet, at 
remote geological periods, the eartli may have been almost 
as well peopled with species of many genera, families, orders, 
and classes, as at the present time. 

ON THE DEGREE TO WHICH ORGANIZATION TENDS TO ADVANCE 

Natural Selection acts exclusively by the preservation and 
accumulation of varìations, which are beneficial under the 
organic and inorganic conditions to which each creature is 
exposed at all periods of life. The ultimate result is that each 
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creature tends to become more and more improved in relation 
to its conditions. This improvement inevitably leads to the 
gradual advancement of the organisation of the greater num- 
ber of living beings throughout the world. But here \ve enter 
on a very intricate subject, for naturalists have not defincd 
to each other’s satisfaction what is meant by an advance in 
organization. Amongst the vertebrata the degree of intellect 
and an approach in structure to man clearly come into play. 
It might be thought that the amount of change which the 
various parts and organs pass through in their development 
from the embryo to maturity would suffice as a standard of 
comparison; but there are cases, as with certain parasitìc 
crustaceans, in which several parts of the structure become 
less perfect, so that the mature animal cannot be called higher 
than its larva. Von Baer's standard seems the most widely 
applicable and the best, namely, the aniount of differentiation 
of the parts of the same organic being, in the adult state as 
I should be inclined to add, and their specialisation for dif- 
ferent functions; or, as Milne Edwards would express it, 
the completeness of the division of physiological labour. But 
we shall see how obscure this subject is if we look, for in- 
stance, to fishes, amongst which some naturalists rank those 
as highest which, like the sharks, approach nearest to amphi- 
bians; whilst other naturalists range the eomnion bony or 
teleostean fishes as the highest, inasmuch as they are most 
strictly fish-Iike, and difìfer most £rom the other vertebrate 
classes. \Ve see still more plaìnly the obscurity of the 
subject by turning to plants, amongst whìch the standard of 
intellect is of course quite excluded; and here some botanists 
rank those plants as highest which have every organ, as 
sepals, petals, stamens, and pistils, fully developed in each 
flower; whereas other botanists, probably with niore truth, 
look at the plants which have their several organs niuch 
modified and reduced in number as the highest. 

If we take as the standard of high organisation, the amount 
of difìferentiation and specialisation of the scvcral organs in 
each bcing when adult (and this will include the advnnce- 
ment of the brain for intellectual purposcs), natural sclcc- 
tion clearly leads towards this standard; for all physiologists 
admit that the specialisation of organs, inasinuch as iri this 
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state they perform their functions better, is an advantage to 
each being; and hence the accumulation of variations tending 
towards specialisation is within the scope of natural selection. 
On the other hand, we can see, bearing in mind that all or- 
ganic beings are striving to increase at a high ratio and to 
seize on every unoccupied or less well occupied place in the 
economy of nature, that it is quite possible for natural selec- 
tion gradually to fìt a being to a situation in which several 
organs would be superfluous or useless: in such cases there 
would be retrogression in the scale of organisation. Whether 
organisation on the whole has actually advanced from the 
remotest geological periods to the present day will be more 
conveniently discussed in our chapter on Geological Succes- 
sion. 

But it may be objected that if all organic beings thus tend 
to rise in the scale, how is it that throughout the world a 
multitude of the lowest forms still exist; and how is it that 
in each great class some forms are far more highly developed 
than others ? Why have not the more highly developed forms 
everywhere supplanted and exterminated the lower? La- 
marck, who believed in an innate and inevitable tendency 
towards perfection in all organic beings, seems to have felt 
this difficulty so strongly, that he was led to suppose that new 
and simple forms are continually being produced by spon- 
taneous generation. Science has not as yet proved the truth 
of this belief, whatever the future may reveal. On our 
theory the continued existence of lowly organisms offers no 
difficulty; for natural selection, or the survival of the fittest, 
does not necessarily include progressive development—it 
only takes advantage of such variations as arise and are 
beneficial to each creature under its complex relations of life. 
And it may be asked what advantage, as far as we can see, 
would it be to an infusorian animalcule—to an intestinal 
worm—or even to an earth-worm, to be highly organised. 
If it were no advantage, these forms would be left, by natural 
selection, unimproved or but lìttle improved, and might re- 
main for indefinite ages in their present lowly condition. 
And geology tells us that some of the lowest forms, as the 
infusoria and rhizopods, have remained for an enormous 
period in nearly their present state. But to suppose that most 
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of the niany now cxisting low fornis havc not in thc least 
advanced since the first dawn of lifc would bc cxtreinely 
rash; for evcry naturalist who has disscctcd some of the bc- 
ings now ranked as vcry low in thc scalc, must have been 
struck with thcir rcally wondrous and bcautiful organi^ation. 

Nearly the same reinarks are applicable if we look to the 
different grades of organìsation within the same great group; 
for instancc, in the vertebrata, to thc co-cxistence of mani- 
mals and fish—aniongst mammalia, to thc co-existcncc of man 
and the ornithorhynchus—ainongst fishcs, to thc co-cxistcnce 
of the shark and the lancclct (Amphioxus), which lattcr fish 
in the extreme siinplicity of its structure approaches the in- 
vertebrate classes. But mammals and fish hardly come into 
competition with each other; the advanccment of the whole 
class of mammals, or of certain mcmbers in this class, to ihc 
highest grade would not lead to their taking thc place of 
fishes. Physiologists believe that the brain must be bathed 
by warm blood to be highly active, and this requires aerial 
respiration; so that wann-blooded mammals whcn inhabiting 
the water lie nnder a disadvantage in having to comc con- 
tinually to the surface to breathe. With fishes, mcmbers 
of the shark family would not tend to supplant thc lancclct; 
for the lancelet, as I hear from Fritz iMullcr, has as sole com- 
panion and competitor on the barren sandy shore of South 
Brazil, an anonialous annelid. The thrce lowcst ordcrs of 
mammals, namely, inarsupials, edentata, and rodents, co-exist 
in South America in the same region with numcrous inonkeys, 
and probably interfcre little with each other. Although or- 
ganisation, on the whole, inay havc advanccd and bc siill 
advancing throughout thc world, yet thc scalc will always 
prescnt inany degrces of pcrfection; for the high advancc- 
ment of certain wholc classcs, or of ccrtain membcrs of cach 
class, does not at all neccssarily lead to thc cxtinction of 
those groups with which thcy do not enter into close compcti- 
tion. In sonie cases, as we shall hcreaftcr sce, lowly or- 
ganised fonns appear to have becn prcserved to the prcsent 
day, from inhabiting confincd or pcciiliar statious, whcre 
they havc bcen subjccted to lcss scvere compctition, and 
whcre their scanty nuinhcrs havc rctarded the chance of fav- 
orable variations arising. 
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Finally, I believe that many lowly organised forms now 
exist throughout the world, from various causes. In some 
cases variations or individual difYerences of a favorable na- 
ture may never have arisen for natural selection to act on and 
accumulate, In no case, probably, has time sufficed for the 
utmost possible amount of development. In some few cases 
there has been what we must call retrogression of organisa- 
tion. But the main cause lies in the fact that under very 
simple conditions of life a high organisation would be of no 
service,— possibly would be of actual disservice, as being of 
a more delicate nature, and more liable to be put out of order 
and injured. 

Looking to the first dawn of life, when all organic beings, 
as we may believe, presented the simplest structure, how, it 
has been asked, could the first steps in the advancement or 
diflerentiation of parts have arisen? Mr. Herbert Spencer 
would probably answer that, as soon as simple unicellular 
organism came by growth or division to be compounded of 
several cells, or became attached to any supporting surface, 
his law “that homologous units of any order became difYer- 
entiated in proportion as their relations to incident forces 
became difYerent’^ would come into action. But as we have 
no facts to guide us, speculation on the subject is almost use- 
less. It is, however, an error to suppose that there would 
be no struggle for existence, and, consequently, no natural 
selection, until many forms had been produced: variations 
in a single species inhabiting an isolated station might be 
beneficial, and thus the whole mass of individuals might be 
modified, or two distinct forms might arise. But, as I re- 
marked towards the close of the Introduction, no one ought 
to feel surprise at much remaining as yet unexplained on 
the origin of species, if we make due allowance for our pro- 
found ignorance on the mutual relations of the inhabitants 
of the world at the present time, and still more so during 
past ages. 

CONVERGENCE OF CHARACTER 

Mr. H. C. Watson thinks that I have overrated the im- 
portance of divergence of character (in which, however, he 
apparently believes), and that convergence, as it may be 
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callecl, has likevvise played a part. If tvvo species, belonging 
to tvvo distinct though allied genera, had both produced a 
large number of nevv and divergent forms, it is conceivable 
that these might approach each other so closely that they 
vvould have all to be classed under the same genus; and thus 
the descendants of tvvo distinct genera vvould converge ìnto 
one. But it vvould in most cases be extremely rash to at- 
tribute to convergence a close and general similarity of struc- 
ture in the modifìed descendants of vvidely distinct forms. 
The shape of a crystal is determined solely by the molecular 
forces, and it is not surprising that dissimilar substances 
should sometimes assume the same form; but vvith organic 
beings vve shoiild bear in mind that the form of each depends 
on an infìnitude of complex relations, namely on thc varia- 
tions vvhich have arisen, these being due to causes far too 
intricate to be follovved out,—on the nature of the variations 
vvhich have been preserved or selected, and this depends on 
the surrounding physical conditions, and in a still higher 
degree on the surrounding organisms vvith vvhich each being 
has come into competition,—and lastly, on inhcritance (in it- 
self a fluctuating element) from innumerable progenitors, 
all of w^hich have had their forms deterniined throiigh cqually 
complex relations. It is incredible that the descendants ot 
tw’o organisms, vvhich had originally differed in a marked 
manner, should ever aftervvards converge so closely as to lead 
to a near approach to identity throughout their vvhole organ- 
isation. If this had occurred, vve shoiild meet vvith the same 
form, independently of genetic counection, recurring in 
vvidely separated geological formations: and the balance of 
evidence is opposed to any such an admission. 

Mr. Watson has also objected that the contiiuied action 
of natural selection, together vvith divergence of character, 
would tend to make an indefinitc niimber of specific forms. 
As far as mere inorganic conditions are concerned, it seems 
probable that a sufficient nuirdier of spccies vvoiild soon 
become adapted to all considerable div^crsities of heal, 
moisture, &c.; but I fully admit that the mutual rclations of 
organic bcings are more important; and as the nmnbcr of 
species in any country goes on increasing, thc orgaiiic con- 
ditions of lifc must bccome niorc and inorc coniplex. Conse- 
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quently there seems at first sight no limit to the amount of 
profitable diversification of structure, and therefore no liniit 
to the number of species which might be produced. We do 
not know that even the most prolific area is fully stocked 
with specific forms: at the Cape of Good Hope and in Aus- 
tralia, which support such an astonishing number of species, 
rnany European plants have become naturalised. But geology 
shows us, that from an early part of the tertiary period the 
number of species of shells, and that from the middle part of 
this same period the number of mammals, has not greatly or 
at all increased. What then checks an indefinite increase 
in the number of species? The amount of life (I do not mean 
the number of specific forms) supported on an area must 
have a limit, depending so largely as it does on physical con- 
ditions; therefore, if an area be inhabited by very many spe- 
cies, each or nearly each species will be represented by few 
individuals; and such species will be liable to extermination 
from accidental fluctuations in the nature of the seasons 
or in the number of their enemies. The process of exter- 
mination in such cases would be rapid, whereas the production 
of new species must always be slow. Imagine the extreme 
case of as many species as individuals in England, and the 
first severe winter or very dry summer would exterminate 
thousands on thousands of species. Rare species, and each 
species will become rare if the number of species in any 
country becomes indefinitely increased, will, on the principle 
often explained, present within a given period few favorable 
variations; consequently, the process of giving birth to new 
specific forms would thus be retarded. When any species be- 
comes very rare, close interbreeding will help to exterminate 
it; authors have thought that this comes into play in account- 
ing for the deterioration of the Aurochs in Lithuania, of Red 
Deer in Scotland, and of Bears in Norway, &:c. Lastly, and 
this I am inclined to think is the most important element, a 
dominant species, which has already beaten many competitors 
in its own home, will tend to spread and supplant many others. 
Alph, de Candolle has shown that those species which spread 
widely, tend generally to spread very widely; consequently, 
they will tend to supplant and exterminate Eeveral species 
in several areas, and thus check the inordinate increase oi 
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spccific forms throughout the worlcl. Dr. ITookcr lias re- 
cently shown that in the S.E. corner of Australia, wherc, 
apparently, thcre arc inany invadcrs from diffcrent quartcrs 
o£ the globe, the endemìc Australian spccies have bcen 
greatly reduced in number. How much wcight to attributc 
to these several considerations I will not prctend to say; but 
conjointly they must limit in each country the tendency to 
an indefmite augmcntation of specific forms. 

SUAIMARY OF CHAPTER 

If imder changing conditions of life organic beings present 
individual differences in ahnost evcry part of their structurc, 
and this cannot be disputed; if thcre be, owing to their 
geometrical rate of incrcasc, a scvcre struggle for life at 
some age, scason, or ycar, and this certainly cannot bc dis- 
puted; thcn, considering the infinite complexity of thc rcla- 
tions of all organic beings to each other and to their condi- 
tions of life, causing an infinite diversity in structurc, consti- 
tution, and habits, to be advantageous to them, it would be a 
most extraordinary fact if no variations had evcr occurred 
useful to each being’s own welfarc, in the same nianner as so 
many variations have occurred useful to man. But if varia- 
tions useful to any organic being cver do occur, assuredly 
individuals thus characterised will have thc best chance of 
being preserved in the struggle for lifc; and from thc strong 
principle of inheritancc, thesc will tend to producc offspring 
similarly characteriscd. This principle of prcservation, or the 
survival of thc fittest, I have called Natural Selection. It 
leads to thc improveinent of cach creature in relation to its 
organic and inorganic conditions of lifc; and consequently, 
in most cases, to what niust be regarded as an advance in 
organism. Neverthelcss, low and simple forms will long 
cndure if well fitted for their simple conditions of lifc. 

Natural sclection, on thc principle of qualitics bcing in- 
herited at corrcsponding ages, can inodify thc cgg, scctl, or 
young, as easily as the adult. Amongst many aninials, scxual 
selcction will have given its aid to ordinary seloction, by 
assuring to the most vigorous and best adaptcd inalcs tlic 
greatest number of offspring. Sexual selection will also givc 
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characters useful to the males alone, in their struggles or 
rivalry with other males; and these characters will be trans- 
mitted to one sex or to both sexes, according to the form of 
inheritance which prevails. 

Whether natural selection has really thus acted in adaptìng 
the various forms of life to their several conditions and sta- 
tions, must be judged by the general tenor and balance of 
evidence given in the following chapters. But we have al- 
ready seen how it entails extinction; and how largely ex- 
tinction has acted in the world’s history, geology plainly 
declares. Natural selection, also, leads to divergence of 
character: for the more organic beings diverge in structure, 
habits, and constitution, by so much the more can a large 
number be supported on the area,—of which we see proof by 
looking to the inhabitants of any small spot, and to the pro- 
ductions naturalised in foreign lands. Therefore, during the 
modification of the descendants of any one species, and dur- 
ing the incessant struggle of all species to increase in num- 
bers, the more diversified the descendants become, the better 
will be their chance of success in the battle for life. Thus 
the small differences distinguishing varieties of the same spe- 
cies, steadily tend to increase, till they equal the greater dif- 
ferences between species of the same genus, or even of 
dìstinct geiiera. 

We have seeii that it is the common, the widely-diffused 
and widely-ranging species, belonging to the larger genera 
within each class, which vary most; and these tend to trans- 
mit to their modified offspring that superiority which now 
makes iheni dominant in their own countries. Natural selec- 
tion, as has just been remarked, leads to divergence of 
character and to niuch extinction of the less improved and 
intermediate forms of life. On these principles, the nature 
of the affinities, and the generally well-defined distinctions 
betweeii the innumerable organic beings in each class 
throughout the world, may be explained. It is a truly won- 
derful fact—^the wonder of which we are apt to overlook 
from familiarity—that all animals and all plants through- 
out all time and space should be related to each other in 
groups, subordinate to groups, in the manner which we 
everywhere behold—namely, varieties of the same species 
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most closely related, species of the same genus less closcly 
and imequally relatcd, fonning sections and sub-genera, spe- 
cies of distinct genera much less closely related, and gcnera 
related in difYcrent degrees, forming sub-fainilies, families, 
orders, sub-classes and classes. The several subordinate 
groups in any class cannot be ranked in a single file, but 
seem clustered round points, and these round other points, 
and so on in almost endless cycles. If.species had been in- 
depcndently created, no explanation would have been pos- 
sible of this kind of classification; but it is explained through 
inheritance and the complex action of natural selection, en- 
tailing extinction and divergcnce of character, as \ve have 
secn illustrated in the diagram. 

The affinities of all the beings of the same class have some- 
times been represented by a great trce. I believe this simile 
largely speaks the truth. The green and budding twigs may 
represent existing species; and those produced during former 
years may represent the long succcssion of extinct species. 
At each period of growth all thc growing twigs have tried 
to branch out on all sides, and to overtop and kill the sur- 
rounding twigs and branches, in the same manner as species 
and groups of species have at all times overmastered other 
species in the great battle for life. The limbs divided into 
great branches, and thcse into lesser and Icsser branches, 
were themselves once, when the trce was young, budding 
twigs; and this connection of the formcr and prescnt buds by 
ramifying branches may well represent thc classification of 
all extinct and living species in groups subordinate to groups. 
Of the many twigs which flourished when the tree was a 
mere bush, only two or three, now grown into great branchcs, 
yet survive and bear the other branches; so with the spccics 
which lived during long-past geological periods, very few 
have left living and modified descendants. From thc first 
growth of the tree, many a limb and branch has decayed and 
dropped ofY; and these fallen branchcs of varìous sizes may 
represent those whole orders, families, and gcnera which have 
now no living representatives, and which are known to us 
only in a fossil state. As wc here and thcre scc a thin strag- 
gling branch springing from a fork low down in a trcc, aiul 
which by some chancc has bccn favourcd and is still alivc on 
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ìts summit, so we occasionally see an animal like the Ornitho- 
rhynchus or Lepidosiren, which in some small degree con- 
nects by its affinities two large branches of life, and which 
has apparently been saved from fatal competition by having 
inhabited a protected station. As buds give rise by growth 
to fresh buds, and these, if vigorous, branch out and overtop 
on all sides many a feebler branch, so by generation I believe 
it has been with the great Tree of Life, which fills with 
its dead and broken branches the crust of the earth, and 
covers the surface with its ever-branching and beautiful 
ramifications. 



CHAPTER V 
Laws of Variatiox 

Effects of changed conditions —Use and disuse, combined with natural 
selection ; organs of flight and of vision —Acclimatisation—Cor- 
related variation — Compensation and economy of growth—False 
correlations—Multiple, rudimentary, and lowly organised struc- 
tures variable — Parts developed in an unusual nianner are highly 
variable ; specific characters more variable than gencric : second- 
ary sexual characters variable —Specics of the same genus vary 
in an analogous manner—Reversions to long-lost charactcrs— 
Summary. 

I HAVE hithcrto sometimes spoken as if the variations— 
so common and multiform with organic beings undcr 
domestication, and in a lesser degrcc with those undcr 
nature—were due to chance. This, of course, is a wholiy 
incorrect expression, but it servxs to acknowicdgc plainly 
our ignorance of the cause of cach particular variation. 
Some authors beiiev^e it to bc as much thc function ot tlie 
rcproductive system to produce individtiai differcnces, or 
slight deviations of structurc, as to makc thc child like its 
parents. But thc fact of v^ariations and monstrositics oc- 
curring much more frequcntiy undcr domcstication than 
under natiire, and the greatcr variability of spccies having 
wide rangcs than of those with restrictcd rangcs, lcad to tlie 
conciusion that variability is gencraliy rciatcd to tiic condi- 
tions of lifc to which cach species has becn cxi^oscd dnring 
severai successivc gcncrations. In thc first ciiaptcr 1 at- 
temptcd to show that changcd conditions act in two ways, 
directiy on thc whoie organisation or on ccrtain parts alonc, 
and indirectiy through thc rcproductivc systcni. In ali cascs 
therc arc two factors, thc naturc of thc organisni, wiiicii is 
much the most important of the two, and tiic naturc of tiic 
conditions. The dircct action of changed conditions Ìcads 
to definitc or indcfinite resuits. In thc lattcr casc thc organi- 
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sation seems to become plastic, and we have much fluctu- 
ating variability. In the former case the nature of the 
organism is stich that it yields readily, when subjected to 
certain conditions, and all, or nearly all the individuals be- 
come modified in the same way. 

It is very difflcult to decide how far changed conditions, 
such as of climate, food, &c., have acted in a definite man- 
ner. There is reason to believe that in the course of time 
the effects have been greater than can be proved by clear 
evidence. But we may safely conclude that the innumer- 
able complex co-adaptations of structure, which we see 
throughout nature between various organic beings, cannot 
be attributed simply to such action. In the following cases 
the conditions seem to have produced some slight definite 
effect: E. Forbes asserts that shells at their southern limit, 
and when living in shallow water, are more brightly col- 
oured than those of the same species from further north or 
from a grcater depth; but this certainly does not always 
hold good. Mr. Gould believes that birds of the same species 
are more brightly coloured under a clear atmosphere, than 
when living near the coast or on islands; and Wollaston 
is convinced that residence near the sea affects the colours 
of insects. Moquin-Tandon gives a list of plants which, 
when growing near the sea-shore, have their leaves in 
some degree fleshy, though not elsewhere fleshy. These 
slightly varying organisms are interesting in as far as they 
present characters analogous to those possessed by the spe- 
cies which are confined to similar conditions. 

When a variation is of the slightest use to any being, we 
cannot tell how much to attribute to the accumulative action 
of natural selection, and how much to the definite action of 
the conditions of life. Thus, it is well known to furriers 
that animals of the same species have thicker and better 
fur the further north they live; but who can tell how much 
of this difference may be due to the warmest-clad individu- 
als having been favoured and preserved during many genera- 
tions, and how much to the action of the severe climate? 
for it would appear that cliinate has some direct action on 
the hair of our domestic quadrupeds. 

Instances could be given of similar varieties being pro- 
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duced from the same species iinder external conditions of 
life as different as can wcll be conceived; and, on the otlier 
hand, of dissimilar varieties being produced under appar- 
ently the same external conditions. Again, innumerable in- 
stances are known to every naturalist, of species kecping 
true, or not varying at all, although living under the most 
opposite climates. Such considerations as these inclinc mc 
to lay less weight on the direct action of tlie surrounding 
conditions, than on a tendency to vary, due to causes of 
which we are quite ignorant. 

Tn some sense the conditions of life may be said, not only 
to cause variability, either directly or indirectly, but like- 
wise to inchide natural selection, for the conditions deter- 
mine whether this or that variety shall survive. But when 
man is the selecting agent, we clearly see that the two ele- 
ments of change are distinct; variability is in some manner 
excited, but it is the will of man which acciimulates the va- 
riations in certain directions; and it is this latter agency 
which answers to the survival of the fittcst under nature. 

EFFECTS OF THE INCREASED USE AND DISUSE OF PARTS, 

AS CONTROLLED BY NATURAL SELECTION 

From the facts alluded to in the first chapter, I think there 
can be no doubt that use in onr domestic animals has 
strengthened and enlarged certain parts, and disuse dimin- 
ished them; and that such modifications are inherited. 
Under free nature, we have no standard of comparison, by 
which to judge of the effects of long-continued use or dis- 
use, for we know not the parent-forms; biit many aninials 
possess structures which can be best explainccl by the effects 
of disuse. As Professor Owen has remarked, there is no 
greater anomaly in nature than a bird that cannot fly: yct 
there are several in this state. The logger-headed duck 
of South America can only flap along the siirfacc of th«' 
water, and has its wings in nearly the same condition as thc 
domestic Aylesbury-duck: it is a remarkablc fact that the 
young birds, according to ^lr. Cunninghani, can fiy, while 
the adults have lost this power. As thc larger gronnd- 
feeding birds seldom take fiight exccpt to escape dangcr, 
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it is probable that the nearly wiiigless condition of several 
birds, now inhabiting or which lately inhabited several 
oceanic islands, tenanted by no beasts of prey, has been 
caused by disuse. The ostrich indeed inhabits continents, 
and is exposed to danger from which it cannot escape by 
flight, but it can defend itself by kicking its enemìes, as 
efficiently as many quadrupeds. We may believe that the 
progenitor of the ostrich genus had habits like those of 
the bustard, and that, as the size and weight of its body 
were increased during successive generations, its legs were 
used more, and its wings less, until they became incapable 
of flight. 

Kirby has remarked (and I have observed the same fact) 
that the anterior tarsi, or feet, of many male dung-feeding 
beetles are often broken off ; he examined seventeen speci- 
mens in his own collection, and not one had even a relic left. 
In the Onites apelles the tarsi are so habitually lost, that 
the insect has been described as not having them. In some 
other genera they are present, but in a rudimentary condi- 
tion. Tn the Ateuchus or sacred beetle of the Egyptians, 
they are totally deficient. The evidence that accidental mu- 
tilations can be inherited is at present not decisive; but the 
remarkable cases observed by Brown-Sèquard in guinea- 
pigs, of the inherited effects of operations, should make us 
cautious in denying this tendency. Hence it will perhaps 
be safest to look at the entire absence of the anterior tarsi 
in Ateuchus, and their rudimentary conditìon in some other 
genera, not as cases of inherited mutilations, but as due to 
the effects of long-continued disuse; for as many dung- 
feeding beetles are generally found with their tarsi lost, 
this must happen early in life; therefore the tarsi cannot 
be of much importance or be much used by these insects. 

In some cases we might easily put down to disuse modifi- 
cations of structure whìch are wholly, or mainly, due to 
natural selection. Mr. Wollaston has discovered the remark- 
able fact that 200 beetles, out of the 550 species (but more 
are now known) inhabiting Madeira, are so far defi,cient 
in wings that they cannot fly; and that, of the twenty-nine 
endemic genera, no less than twenty-three have all their spe- 
cies in this condition! Several facts,—namely, that beetles 
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m tnany parts of thc worlcl arc frcqucntly blown to sca au I 
pcrish; lltat thc bcctlcs in iMadcira, as obscrvcd by Mr. \\\\- 
laston. lie nnich eoncealcd, until thc wind lulls and thc sun 
sliines; that thc proportion of winglcss Ijcctlcs is largcr (ui 
the cxposed Dcscrtas than in Madcira itsclf; and cspccially 
the extraordinary fact, so strongly insistcd on by Mr. Wol- 
laston, that certain largc groups of bcctlcs, elsewhcrc ex- 
ccssivcly numerous, which absolutcly requirc thc use of tlicir 
wings, are herc ahnost cntircly absent; — thcsc scvcral con- 
siderations make inc bclicvc that thc winglcss eondition of 
so inany Madcira bcctles is inainly duc to thc action of 
natural selcction, conibincd probably with disuse. For dur- 
ing many successive generations each individual bectlc which 
fìew least, either from its wings having bccn evcr so littlc 
less perfcctly developed or froin indolent habit, will have had 
the best ehance of surviving froin not bcing blown oiit to 
sea; and, oii thc other hand, those beetles which most readily 
took to flight would oftencst havc been blown to sea, and 
thus destroyed. 

The insccts in Madeira whicli are not ground-feedcrs, and 
which, as certain fìower-feeding colcoptera and lepidoptera, 
must habitually use tlicir wings to gain thcir subsistence, 
havc, as Mr. Wollaston suspects, thcir wings not at all re- 
duced, but even enlarged. This is quitc compatiblc with 
thc action of natural selection. For whcn a ncw insect first 
arvivcd on the island, tlie tendency of natural selection to 
enlarge or to reducc the wings, would depend on whether a 
grcater numbcr of individuals wcrc saved l)y successfully 
battling with the winds, or by giving up thc attcnipt and 
rarely or never fìying. As with mariners ship-wrcckcd near 
a coast, Ìt would havc bccn better for thc good swiminers if 
thcy had becn able to swim still fnrther. whcreas it would 
havc bcen bettcr for thc bad swimmers if they had not bcen 
ablc to swim at all and liad stuck to the wrcck. 

The eyes of moics and of somc Iturrowing rodcnts are 
rudimentary in sizc, and in somc cases are qiiitc covered bv 
skin and fur. This state of the cyes is probably diie to 
gradual reduction froni disusc, but aidcd perliaps by natural 
sclcction. Tn South Amcrica, a burrowing rodcnt, the tuco- 
tuco, or Ctcnomys, is evcn morc subterraiiean iii its habits 
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than the mole; and I was assured by a Spaniard, who had 
often caught them, that they were frequently blind. One 
which I kept alive was certainly in this conditioii, the cause, 
as appeared on dissection, having been inflammation o£ the 
nictitating membrane. As frequent inflammations of the eyes 
must be injurious to any animal, and as eyes are certainly 
not necessary to animals having subterranean habits, a re- 
duction in their size, with the adhesion of the eyelids and 
growth o£ fur over them, might in such case be an advan- 
tage; and i£ so, natural selection would aid the effects of 
disuse. 

It is well known that several animals, belonging to the 
most different classes, which inhabit the caves of Carniola 
and of Kentucky, are blind, In some of the crabs the foot- 
stalk for the eye remains, though the eye is gone;—the 
stand for the telescope is there, though the telescope with 
its glasses has been lost. As it is difflcult to imagine that 
eyes, though useless, could be in any way injurious to ani- 
mals living in darkness, their loss may be attrìbuted to dis- 
use. In one of the blind animals, namely, the cave-rat 
(Neotoma), tvvo of which were captured by Professor Silli- 
man at above half a mile distance from the mouth of the 
cave, and therefore not in the profoundest depths, the eyes 
were lustrous and of large size; and these animals, as I am 
informed by Professor Silliman, after having been exposed 
for about a moiith to a graduated light, acquired a dim per- 
ception of objects. 

It is diflìcult to imagine conditions of life more similar 
than deep limestone caverns under a nearly similar climate; 
so that, in accordance with the old view of the blind ani- 
mals having been separately created for the AmerÌcan and 
European caverns, very close similarity in their organisation 
and afflnities might have been expected. This is certainly 
not the case if we look at the two whole faunas; and with 
respect to the insects alone, Schiòdte has remarked, “We are 
accordingly prevented from considering the entire phenome- 
non in any other light than something purely local, and the 
similarity which is exhibited in a few forms between the 
Mammoth cave (in Kentucky) and the caves in Carniola, 
otherwise than as a very plain expression of that analogy 
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which subsists generally between the fauna of Europe and 
of North America.*’ On my view we must suppose tbat 
American animals, having* in most cases ordinary powers ot 
vision, slowly migratcd by successive gcnerations froin the 
outer world into the deeper and deeper rccesses of the Ken- 
tucky caves, as did Europcan animals into the cavcs of 
Europe. \Vc have some evidence of this gradation o£ habìt; 
for, as Schiòdte rcmarks, “We accordingly look upon the 
subterranean faunas as small ramificatìons which have pene- 
tratcd into the earth from the gcographically limited faunas 
of the adjacent tracts, and which, as they extended them- 
selves into darkness, have bcen accommodated to surround- 
ing circumstances. Aniinals not far remote from ordinary 
forms, prepare the transition from Hght to darkness. Next 
follow those that are constriicted for twilight; and, last of 
all, those destined for total darkness, and whose formation is 
quite peculiar.” These remarks of Schiòdte’s, it shonld be 
understood, apply not to the same, but to distinct species. 
By the time that an animal had reached, after numberless 
generations, thc decpest recesses, disiise will on this view 
have more or less perfectly obliterated its eyes, and iiatural 
selection will oftcn have effected other changes, such as an 
increase in the length of the antcnncne or palpi, as a compen- 
sation for blindiiess. Notwithstanding such modifications, 
we might cxpect still to see in the cave-animals of America, 
affinities to the other inhabitants of that continent, and in 
those of Europe to tbe inhabitants of the European conti- 
nent. And this is the case with somc of the Amcrican cave- 
animals, as I hcar from Professor Dana; and some of the 
European cave-insects are very closely allied to tbose of the 
surrounding country. It would be difficult to give any ra- 
tional cxplanation of the affinities of the blind cave-animals 
to the other inhabitants of the two continents on thc ordi- 
nary view of their independcnt creation. That sevcrnl of 
the inhabitants of the caves of the Old and Ncw Worlds 
should be closely relatcd, wc might cxpcct from the wcll- 
known relationship of most of thcir othcr prodiiclions. As 
a blind species of P>athyscia is found in abnndancc on slindy 
rocks far from cavcs, tlic loss of vision in thc cnve-spccics 
of tbis one genus has probably had no rclntioii to its dark 
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habitation; for it is natural that an insect already deprived 
of vision should readily become adapted to dark caverns. 
Another blind genus (Anophthalmus) offers this remark- 
able peculiarity, that the species, as Mr. Murray observes, 
have not as yet been found anywhere except in caves, yet 
those which inhabit the several caves of Europe and America 
are distinct; but it is possible that the progenitors of these 
several species, whilst they were furnished with eyes, may 
formerly have ranged over both continents, and then have 
become extinct, excepting in their present secluded abodes. 
Far from feeling surprise that some of the cave-animals 
should be very anomalous, as Agassiz has remarked in re- 
gard to the blind hsh, the Amblyopsis, and as is the case 
with the blind Proteus with reference to the reptiles of 
Europe, I am only surprised that more wrecks of ancient 
life have not been preserved, owing to the less severe com- 
petition to which the scanty inhabitants of these dark abodes 
will have been exposed. 

ACCLIMATISATION 

Habit is hereditary with plants, as in the period of flower- 
ing, in the time of sleep, in the aniount of rain requisite for 
seeds to germinate, &c., and this leads me to say a few 
words on accHmatisation. As it is extremely common for 
distinct species belonging to the same genus to inhabit hot 
and cold countries, if it be true that all the species of the 
same genus are descended from a single parent-form, accli- 
matisation must be readily effected during a long course of 
descent. It is notorious that each species Ìs adapted to the 
climate of its own home: species from an arctic or even from 
a temperate region cannot endure a tropical climate, or con- 
versely. So again, many succulent plants cannot endure a 
damp climate. But the degree of adaptation of species to 
the climates under which they live is often overrated. We 
may infcr this from our frequent inability to predict whether 
or not an imported plant will endure our climate, and from 
the number of plants and animals brought from different 
countries which are here perfectly healthy. We have rea- 
son to believe that species in a state of nature are closely 
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limited in their rangcs by the competition of othcr nrganic 
beings quite as niuch as, or morc than, by adaptation to par- 
ticular climates. But whcthcr or nol this adaptalion is in 
most cases very close, wc have evidencc witii some few 
plants, of their bccoming, to a certain cxtcnt, naturally 
habituated to differcnt tempcraturcs; that is, they become 
accliniatised: thus the pincs and rhododendrons, raiscd from 
seed collectcd by Dr. Hooker from the same specics grow- 
ing at diffcrent hcights on the Himalaya, wcrc found to pos- 
sess in this country diffcrent constitutional powers of rc- 
sisting cold. Mr. Thwaites infornis me that he has obscrvcd 
similar facts in Ceylon; analogous obscrvations have bcen 
made by Mr. H. C. Watson on Europcan species of plants 
brought from the Azores to England; and I could give other 
cases. In regard to animals, scvcral aiithentic instanccs 
could be adduced of species having largely cxtended, within 
historical times, their range froin warmer to cooler lati- 
tudes, and conversely; but wc do not positivcly know that 
these animals were strictly adaptcd to their native climate, 
though in all ordinary cases we assume such to bc the case; 
nor do we know that thcy have subsequently become specially 
acclimatised to their new homcs, so as to be better fitted for 
them than they were at first. 

As we may infer that our doniestic animals wcre originally 
chosen by uncivilised man because they wcrc uscful and be- 
cause they bred readily under coiifinenient, and not bccause 
they were subsequently found capable of far-extendcd trans- 
portation, the common and extraordinary capacity in oiir 
domestic animals of not only withstanding the most diffcrcnt 
climates, but of being perfectly fcrtile (a far sevcrer test) 
under them, may bc used as an argument that a large pro- 
portion of other animals now in a statc of nature could 
easily be bronght to bear widcly different cliniates. We 
must not, however, push thc forcgoing argumcnt too far, 
on account of the probable origin of sonic of oiir dninestic 
animals from several wild stocks; the blood, for instancc, 
of a tropical and arctic wolf may pcrhaps be mingled in our 
domestic brceds. Thc rat and mousc cannol l)c considcrcd as 
domestic animals, but thcy have been transportcd by man to 
many parts of the world, and now havc a far widcr rangc 
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than any other rodent; for they live under the cold climate 
of Faroe in the north and of the Falklands in the south, 
and on many an island in the torrid zones. Hence adap- 
tation to any special climate may be looked at as a quality 
readily grafted oii an innate wide flexibility of constitution, 
common to most animals. On this view, the capacity of 
enduring the most different climates by man himself and 
by his domestic animals, and the fact of the extinct elephant 
and rhinoceros having formerly endured a glacial climate, 
whereas the living species are now all tropical or sub-tropical 
in their habits, ought not to be looked at as anomalies, but 
as examples of a very common flexibility of constitution, 
brought, under peculiar circumstances, into action. 

How much of the acclimatisation of species to any pecu- 
liar climate is due to mere habit, and how much to the 
natural selection of varieties having different innate consti- 
tutions, and how much to both means combined, is an ob- 
scure question. That habit or custom has some influence, I 
must believe, both from aiialogy and from the incessant ad- 
vice given in agricultural works, even in the ancient Ency- 
clopsedias of China, to be very cautious in transporting ani- 
mals from one district to another. And as it is not likely 
that man should have succeeded in selecting so many breeds 
and sub-breeds witb constitutions specially fitted for their 
own districts, the result must, I think, be due to habit. On 
the other hand, natural selection would inevitably tend to 
preserve those individuals which were born with consti- 
tutions best adapted to any country which they inhabited. 
In treatises on many kinds of cultivated plants, certain 
varieties are said to withstand certain climates better than 
others; this is strikingly shown in works on fruit-trees pub- 
lished in the United States, in which certain varieties are 
habitually recommended for the northern and others for the 
southern States; and as most of these varieties are of recent 
origin, they cannot owe their constitutional differences to 
habit. The case of the Jerusalem artichoke, which is never 
propagated in England by seed, and of which consequeiitly 
new varieties have not been produced, has even been ad- 
vanced, as proving that acclimatisation cannot be effected, 
for it is now as tender as ever it was! The case, also, of the 
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kidney-bean has been often citcd for a similar piirpose, and 
with much greatcr weight; but until someonc will sow, dur- 
ing a score of generations, his kidney-beans so carly that i 
very large proportion are dcstroyed by frost, and then collect 
seed from the few survivors, with care to prevent accidental 
crosses, and then again get seed from thcsc seedlings, with 
the same precautions, thc experiment cannot be said to have 
been tried. Nor let it be supposed that difìfcrcnces in thc con- 
stitution of seedling kidney-bcans never appear, for an ac- 
count has been published how much more hardy some sced- 
Hngs are than others; and of this fact I have mysclf ob- 
served striking instances. 

On the whole, we may conclude that habit, or usc and 
disuse, have, in some cases, played a considcrable part in the 
modification of the constitution and structure; but that the 
effects have often been largely combined with, and some- 
times overmastered by, the natural selection of innate 
variations. 


CORRELATED VARIATION 

I mean by this expression that thc whole organisation is 
so tied together during its growth and devclopnient, that 
when slight variations in any one part occur, and are accu- 
mulated through natural selection, other parts bccome modi- 
fied. This is a very important subject, niost iniperfectly 
understood, and no doubt wholly diffcrent classes of facts 
may be here easily confounded together. \Ve shall prescntly 
see that simple inheritancc often gives the false appearance 
of correlation. One of the most obvious real cases is, that 
variations of structure arising in the young or larvre nat- 
iirally tend to affect the structure of the mature animal. 
The several parts of the body which are homologous. and 
which, at an early embryonic period, arc identical in struc- 
ture, and which are necessarily exposcd to similar condi- 
tions, seem eminently liable to vary in a like manner; wc sce 
this in the right and left sides of the body varyiug in thc 
same manner; in the front and hind lcgs, and evcn in thc 
jaws and limbs, varying together, for the lower jaw is be- 
lieved by some anatoniists to be honiologous with the linibs. 
Tiiesc tendencies, I do not doubt, may be mastered niorc or 
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less completely by natural selection; thus a family of stags 
once existed witli an antler only on one side; and if this 
had been of any great use to the breed, it might probably 
have been rendered permanent by selection. 

Flomologous parts, as has been remarked by some authors, 
tend to cohere; this is often seen in monstrous plants: and 
nothing is more common than the union of homologous 
parts in normal structures, as in the union of the petals into 
a tube. Hard parts seem to affect the form of adjoining 
soft parts; it is believed by some authors that with birds 
the diversity in the shape of the pelvis causes the remark- 
able diversity in the shape of their kidneys. Others believe 
that the shape of the pelvis in the human mother influences 
by pressure the shape of the head of the child. In snakes, 
according to Schlegel, the form of the body and the manner 
of swallowing determine the position and form of several 
of the niost important viscera. 

The nature of the bond is frequently quite obscure. M. 
Is. Geoffroy St. Hilaire has forcibly remarked, that certain 
malconformations frequently, and that others rarely, co- 
exist, without our being able to assign any reason. What 
can be more singular than the relation in cats between com- 
plete whiteness and blue eyes with deafness, or between the 
tortoise-shell colour and the female sex; or in pigeons be- 
tween their feathered feet and skin betwixt the outer toes, 
or between the presence of more or less down on the young 
pigeon when first hatched, with the future colour of its 
plumage; or, again, the relation between the hair and teeth 
in the naked Turkish dog, though here no doubt homology 
comes into play? With respect to this latter case of corre- 
lation, I think it can hardly be accidental, that the two orders 
of mammals which are most abnormal in their dermal cov- 
erings, viz., Cetacea (whales) and Edentata (armadilloes, 
scaly ant-eaters, &c.), are likewise on the wliole the most 
abnormal in their teeth; but there are so many exceptions to 
this rule, as Mr. Mivart has remarked, that it has little 
value. 

I know of no case better adapted to show the importance 
of the laws of correlation and variation, independently of 
utility and therefore of natural selection, than that of the 
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difìference between the outer and inner flowers in some Com- 
positoiis and Umbelliferous plants. Every one is familiar 
with the difference between the ray and central florets of, 
for instance, the daisy, and this difference is often accom- 
panied with the partial or complcte abortion of the repro- 
diictive organs. But in some of thesc plants, the sccds also 
diffcr in shape and sculptiire. These diffcrences have some- 
times been attributed to the pressure of tlie involucra on 
the florets, or to their mutual pressure, and the shape of the 
secds in the ray-florets of some Compositse countenances this 
idea; but with the Umbelliferae, it is by no means, as Dr. 
Hooker informs me. the species with the densest heads which 
most frequently differ in their inner and outer flowers. It 
mìght have been tliought that the development of the ray- 
petals by drawing nourishment from the reproductive 
organs causes their abortion ; but this can hardly be the sole 
cause, for in some Compositae the seeds of the outer and 
inner fiorets differ, without any difference in the corolla. 
Possibly these several differences may be connected with 
the different flow of nutriment towards the central and 
external flowers: we know, at least, that with irregular 
flowers, those nearest to the axis are most subject to pcloria, 
that is to become abnormally symmetrical. I may add, as 
an instance of this fact, and as a striking case of correla- 
tion, that in many pelargoniums, the two upper petals in the 
central flower of the truss often losc their patches of darker 
colour; and when this occurs, the adherent nectary is qnite 
aborted; the central flower thus beconiing peloric or regular. 
When the colour is absent from only one of the two upper 
petals, the nectary is not quite aborted but is much shortened. 

With respect to the development of the corolla, Sprcngers 
idea that the ray-florets servc to attract insects. whosc 
agency is highly advantageous or necessary for tlie fertili- 
sation of thcse plants, is highly prohable; aiul if sn. natiiral 
selcction may have conie into play. But witli respect lo thc 
seeds, it seems inipossible that their differeiices in shape, 
which are not always correlated with any diflereiice in thc 
corolla, can be in any way beneficial: yet iii the lhiibellifera:ì 
these differences are of such appareiit importance—thc seeds 
being sometimes orthospcrmous in the extcrior flowers aiid 
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ccelospermous in the central flowers,—that the elder De 
Candolle founded his main divisions in the order on such 
characters. Hence modifications of structure, viewed by 
systematists as of high value, may be wholly due to the laws 
of variation and correlation, without being, as far as we 
can judge, of the slightest service to the species. 

We may often falsely attribute to correlated variation 
structures which are common to whole groups of species, 
and which in truth are simply due to inheritance; for an 
ancient progenitor may have acquired through natural selec- 
tion some one modification in structure, and, after thousands 
of generations, some other and independent modification; 
and these two modifications, having been transmitted to a 
whole group of descendants with diverse habits, would nat- 
urally be thought to be in some necessary manner correlated. 
Some other correlations are apparently due to the manner 
in which natural selection can alone act. For instance, Alph. 
de Candolle has remarked that winged seeds are never found 
in fruits which do not open; I should explain this rule by 
the impossibility of seeds gradually becoming winged through 
natural selection, unless the capsules were open for in this 
case alone could the seeds, which were a little better adapted 
to be wafted by the wind, gain an advantage over others 
less well fitted for wide dispersal. 

COMPENSATION AND ECONOMY OF GROWTH 

The elder Geofìfroy and Goethe propounded, at about the 
same time, their law of compensation or balancement of 
growth; or, as Goethe expressed it, “in order to spend on 
one side, nature is forced to economise on the other side.” 
I think this holds true to a certain extent with our domestic 
productions: if nourishment flows to one part or organ in 
excess, it rarely flows, at least in excess, to another part; 
thus it is difficult to get a cow to give much milk and to fat- 
ten readily. The same varieties of the cabbage do not yield 
abundant and nutritious foliage and a copious supply of oil- 
bearing seeds. When the seeds in our fruits become atro- 
phied, the fruit itself gains largely in size and quality. In 
our poultry, a large tuft of feathers on the head is gener- 
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ally accompanied by a diminishcd comb and a large beard 
by diminished wattlcs. Witli specics in a state of nature it 
can hardly be maintained that the law is of universal appli- 
cation; but many good obscrvers, morc cspecially botanists, 
believe in its truth. I will not, howevcr, here givc any in- 
stances, for I see hardly any way of distinguishing between 
the efìfects, on the one hand, of a part being largely devel- 
oped through natiiral selection and another and adjoining 
part being reduced by this same proccss or by disuse, and, 
on the other hand, the actual withdrawal of nutriment from 
one part owing to the excess of growth in another and ad- 
joining part. 

I suspect, also, that some of the cases of compensation 
which have been advanced, and likewise some other facts, 
may be merged nnder a more general principle, namely, that 
natural selection is continually trying to economise every 
part of the organisation. If under changed conditions of 
life a structure, before useful, becomes less useful, its dim- 
inution will be favoured, for it will profit the individual not 
to have its nutriment wasted in building up an useless struc- 
ture. I can thus only understand a fact with which I was 
much struck when examining cirripedes, and of which many 
analogous instances could be given: namely, that when a 
cirripede is parasitic within another cirripede and is thus 
protected, it loses more or less completely its own shell or 
carapace. This is the case with the male Ibla, and in a truly 
extraordinary manner with the Protcolepas: for the cara- 
pace in all other cirripedes consists of thc threc highly im- 
portant anterior segments of the head cnormously dcveloped. 
and furnished with great nerves and muscles; but in the 
parasitic and protected Proteolepas, the wholc anterior part 
of the head is reduced to the merest rudiment attached to 
the bases of the prehensile antenmne. Now the saving of a 
large and complex structure, whcn rendered supcrfluous. 
would be a decided advantage to each successive individual 
of the species; for in the strugglc for lifc to which every 
animal is exposed, each would ìiave a bcttcr chaiice of sup- 
porting itself, by less nutrimcnt bcing wasted. 

Thiis, as I believe, natural sclcction will tend in tlie long 
run to reduce any part of the organisation, as soon as it be- 
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comes, throwgh changed habits, superfluous, without by any 
means causing some other part to be largely developed in a 
corresponding degree. And, conversely, that natural selec- 
tion may pertectly well succeed in largely developing an 
organ without requiring as a necessary compensation the 
reduction of some adjoining part. 

MULTIPLE, RUDIMENTARY, AND LOWLY ORGANISED STRUC- 
TURES ARE VARIABLE 

It seems to be a rule, as remarked by Is. Geoffroy St. 
Hilaire, both with varieties and species, that when any part 
or organ is repeated many times in the same individual (as 
the vertebrae in snakes, and the stamens in polyandrous flow- 
ers) the number is variable; whereas the same part or organ, 
when it occurs in lesser numbers, is constant. The same 
author as well as some botanists have further remarked that 
multiple parts are extremely liable to vary in structure. As 
‘Vegetative repetition,'' to use Prof. Owen's expression, is a 
sign of low organisation, the foregoing statements accord 
with the common opinion of naturalists, that beings which 
stand low in the scale of nature are more variable than those 
vvhich are higher. I presume that lowness here means that 
the several parts of the organisation have been but little 
specialised for particular functions; and as long as the same 
part has to perforni diversified work, we can perhaps see 
why it should remaìn variable, that is, why natural selection 
should not have preserved or rejected each little deviation 
of form so carefully as when the part has to serve for some 
one special purpose. In the same way that a knife which 
has to cut all sorts of things may be of almost any shape; 
whilst a tool for some particular purpose must be of some 
particular shape. Natural selection, it should never be for- 
gotten, can act solely through and for the advantage of each 
being. 

Rudimentary parts, as it is generally admitted, are apt to be 
highly variable. We shall have to recur to this subject; and 
I will here only add that their variability seems to result from 
their iiselessness, and consequently from natural selection 
having had no ppwer to check deviations in their structure. 
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A PART DEVELOPED IN ANY SPECIES IN AN EXTRAORDINARY 
DEGREE OR MANNER, IN COMPARISON WITll TIIE 
SAME PART IN ALLIED SPECIES, TENDS TO 
BE IIIGHLY VARIABLE 

Several years ago I was mucli struck by a remark, to the 
above effect, made by Mr. Waterhouse. Professor Owen, 
also, seems to have come to a nearly siniilar conclusion. It 
is hopeless to attempt to convince any onc of the truth of 
the above proposition without giving the long array of facts 
which I have collected, and which cannot possibly be here 
introduccd. I can only statc my conviction that it is a rule 
of high generality. I am aware of several causes of error, 
but I hope that I have made due allowance for them. 
It should be understood that the rule by no means applies to 
any part, however unusually developed, unless it be unusu- 
ally developed in one species or in a few species in compari- 
son with the same part in many closely allied species. Thus, 
the wing of a bat is a most abnormal structure in the class 
of manimals, but the rule would not apply here, because the 
whole group of bats possesses wings; it would apply only if 
some one species had wings developed in a remarkable man- 
ner in comparison with the other species of the same geniis. 
The rule applies very strongly in the casc of secondary scx- 
ual characters, when displayed in any unusual manner. The 
term, secondary sexual characters, used by Huntcr, relates 
to characters which arc attachcd to one sex, but are not 
directly connected with the act of reproduction. The rule 
applies to malcs and females; but more rarely to the feinales, 
as they seldom offer remarkable secondary sexual charac- 
ters. Thc rulc being so plainly appHcablc in the casc of sec- 
ondary sexual characters, may be due to the great variability 
of these characters, whether or not displayed in any umisiial 
manner — of which fact I think there can be littlc donbt. Biit 
that our rule is iiot confined to secondary scxual characters 
is clearly shown in the case of hermaphrodite cirripedcs; T 
particularly aitended to ^lr. Waterhouse’s reniark, whilst 
invcstigating this Order, and I am fully conviiiccd that the 
rule almost always holds good. l shall, in a fnturc work, 
give a list of all the more remarkablc cascs; I will hcrc givc 
F—UC XI 
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only one, as it illustrates the rule in its largest application. 
The opercular valves of sessile cirripedes (rock barnacles) 
are, in every sense of the word, very important structures, 
and they differ extremely little even in distinct genera; but 
in the several species of one genus, Pyrgoma, these valves 
present a marvellous amount of diversification ; the homolo- 
gous valves in the different specìes being sometimes wholly 
unlike in shape; and the amount of variation in the indi- 
viduals of the same species is so great, that it is no exag- 
geration to state that the varieties of the same species differ 
more from each other in the characters derived from these 
important organs, than do the species belonging to other 
distinct genera. 

As with birds the individuals of the same species, inhabit- 
ing the same country, vary extremely little, I have particu- 
larly attended to them; and the rule certainly seems to hold 
good in this class. I cannot make out that it applies to plants, 
and this would have seriously shaken my belief in its truth, 
had not the great variability in plants niade it particularly 
difficult to compare their relative degrees of variability. 

When we see any part or organ developed in a remarkable 
degree or manner in a species, the fair presumption is that 
it is of high importance to that species : nevertheless it is in 
this case eminently liable to variation. Why should this be 
so? On the view that each species has been independently 
created, with all its parts as we now see them, I can see no 
explanatìon. But on the view that groups of species are de- 
scended from some other species, and have been modified 
through natural selection, I think we can obtain some light. 
First let me make some preliminary remarks. If, in our 
domestic animals, any part or the whole animal be neglected, 
and no selection be applied, that part (for instance, the comb 
in the Dorking fowl) or the whole breed will cease to have 
a uniform character: and the breed may be said to be degen- 
erating. In rudimentary organs, and in those which have 
been but little specialised for any particular purpose, and 
perhaps in polymorphic groups, we see a nearly parallel case; 
for in such cases natural selection either has not or cannot 
have come into full play, and thus the organisation is left in 
a fluctuating condition. But what here more particularly 
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concerns iis is, that those points in our domestic anìmnls, 
which at the prcscnt time are undcrgoing rapìd changc by 
continued selectioii, are also cmincntly liable to variation. 
Look at the individuals of the same breed of the pigeon, and 
see what a prodigious amount of difference there is in the 
beaks of tumblers, in the beaks and wattle of carriers, in the 
carriagc and tail of fantails, &c., these being the points now 
mainly attended to by English fanciers. Even in the same 
sub-breed, as in that of the short-faced tumbler, it is notori- 
ously difficult to breed nearly perfect birds, many departing 
widely from the standard. There may truly be said to be a 
constant strugglc going on between, on the one hand, the 
lendency to reversion to a less perfect state, as well as an 
innate tendency to new variations, and, on the other hand, 
the power of steady selectìon to keep the breed true. Tn the 
long run selection gains thc day, and we do not cxpect to 
fail so completely as to breed a bird as coarse as a common 
tumbler pigeon from a good short-faced strain. But as long as 
selection is rapidly going on. much variability in thc parts 
undergoing modification may always be expcctcd. 

Now let us turn to nature. When a part has bcen devel- 
oped in an extraordinary manner in any one spccics, com- 
pared with the other species of thc same genus, we may con- 
clude that this part has undergone an extraordinary amount 
of niodification since the period when the several specics 
branched off from the common progenitor of the gciius. This 
period will seldom be remote in any extreme degree, as species 
rarely endure for more than one geological period. An cxtra- 
ordinary amount of modification implies an unusually largc 
and long-continued amount of variability, which has con- 
tinually becn accumnlated by natural selection for the bencfit 
of the species. But as the variability of the extraordinarily 
developed part or organ has been so great and long-continiied 
within a period not excessively remote, we might, ns a gcn- 
eral rule, still expect to find more variability in snch parts 
than in othcr parts of the organisation which havc rcmained 
for a much longer period nearly constant. And this, T ani 
convinced, is the case. That tlie strugglc bctwcen natural 
selection on the one hand, and the tendency to revcrsion «and 
variability on the other hand, will in the course of tiinc 
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cease; and that the most abnormally developed organs may 
be made constant, I see no reason to doubt. Hencc, when 
an organ, however abnormal it may be, has been transmitted 
in approximately the same condition to many modified de- 
scendants, as in the case of the wing of the bat, it must have 
existed, according to our theory, for an immense period in 
nearly the same state; and thus it has come not to be more 
variable than any other structure. It is only in those cases 
in which the modification has been comparatively recent and 
extraordinarily great that we ought to find the generative 
variability, as it may be called, still present in a high degree, 
For in this case the variability will seldom as yet have been 
fixed by the continued selectioii of the individuals varying 
in the required manner and degree, and by the continued 
rejection of those tending to revert to a former and less- 
modified condition, 

SPECIFIC CHARACTERS MORE VARIABLE THAN GENERIC 
CHARACTERS 

The principle discussed under the last heading may be 
applied to our present subject. It is notorious that specific 
characters are more variable than generic. To explain by a 
simple example what is meant: if in a large genus of plants 
some species had blue flowers and some had red, the colour 
would be only a specific character, and no one would be sur- 
prised at one of the blue species varying into red, or con- 
versely; but if all the species had blue flowers, the colour 
would become a geiieric character, and its variation would 
be a more unusual circumstance. I have chosen this exam- 
ple because the explanation which most naturalists would 
advance is not here applicable, namely, that specific charac- 
ters are more variable than generic, because they are taken 
from parts of less physiological importance than those com- 
monly used for classing genera, I believe this explanation 
is partly, yet only indirectly, true; I shall, however, have to 
return to this point in the chapter on Classification. It would 
be almost superfluous to adduce evidence in support of the 
statement, that ordinary specific characters are more variable 
than generic; but with respect to important characters, I 
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have repeatedly noticed in works on natural history, that 
when an aiithor remarks with surprise that soine iniportaiu 
organ or part, which is generally very constant throiighout 
a large group of spccies, diffcrs considcrably in closcly 
allied specics, it is oftcn vanablc in the individuals of the 
saine species. And this fact shows that a character, which 
is generally of gencric value, whcn it sinks in value and 
becomes only of specific value, often becomes variable, 
though its physiological importance may remain the same. 
Something of the same kind applies to monstrositics : at 
least Is. Geoftroy St. ITiIairc apparcntly entertains no doubt, 
that the more an organ normally differs in the differcnt spe- 
cies of the saine group, thc inore subject it is to anomalies 
in the iiidividuals. 

On the ordinary view of each species having been inde- 
pendently created, why should that part of the structure, 
which difìfers from the same part in other indepcndently 
created species of thc same genus, be morc variable than 
those parts which are closely alike in the several specics? 
I do not see that any explanation can be given. But on the 
view that species are only strongly marked and fixcd varie- 
ties, we might expect often to find them still continuing to 
vary in those parts of their structure which have varied 
within a moderately recent pcriod, and which have thus 
comc to difìfer. Or to state the case in anothcr inanncr: — 
the points in which all the species of a genus reseinble each 
other, and in which thcy difìfcr from allied genera, arc called 
generic characters; and thcse charactcrs may be attributed 
to inheritance from a common progcnitor, for it can rarcly 
have happened that natural selection will havc inodified scv- 
eral distinct species, fitted to more or Icss widcly diffcrcnt 
habits, in exactly the same manner: and as thesc so-callcd 
generic characters have bcen inhcrited froin before the 
period when the several spccies first branched ofìf froin their 
common progenitor, and subsequcntìy have not varicd or 
come to difìfer in any degree, or only in a slight degree, it is 
not probable that they should vary at thc prescnt day. On 
the other hand, the points in which species difrer froin other 
species of the samc genus arc callcd specific characters: and 
as thcse specific characters havc varied and comc to ditlcr 
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sìnce the perìod when the species branched off from a com- 
mon progenitor, it is probable that they should still often be 
in some degree variable,—at least more variable than those 
parts of the organisation which have for a very long period 
remained constant. 

Secondary Sexual Characters Variable . — I think it will be 
admitted by naturalists, without my entering on details, that 
secondary sexual characters are highly variable. It will also 
be admitted that species of the same group differ from each 
other more widely in their secondary sexual characters, than 
in other parts of their organisation: compare, for instance, 
the amount of difìference between the males of gallinaceous 
birds, in which secondary sexual characters are strongly dis- 
played, with the amount of difference between the females. 
The cause of the original variability of these characters is 
not manifest; but we can see why they should not have been 
rendered as constant and uniform as others, for they are 
accumulated by sexual selection, which is less rigid in its ac- 
tion than ordinary selection, as it does not entail death, but 
only gives fewer ofìfspring to the less favoured males. What- 
ever the cause may be of the variability of secondary sexual 
characters, as they are highly variable, sexual selection will 
have had a wide scope for action, and may thus have suc- 
ceeded in giving to the species of the same group a greater 
amount of difference in these than in other respects. 

It is a remarkable fact, that the secondary dififerences be- 
tween the two sexes of the same species are generally dis- 
played in the very same parts of the organisation in which 
the species of the same genus differ from each other. Of 
this fact I will give in illustration the two first instances 
which happen to stand on my list; and as the differences in 
these cases are of a very unusual nature, the relation can 
hardly be accidental. The same number of joints in the tarsi 
is a character common to very large groups of beetles, but 
in the Engidas, as Westwood has remarked, the number varies 
greatly; and the number likewise differs in the two sexes of 
the same species. Again in the fossorial hymenoptera, the 
neuration of the wings is a character of the highest impor- 
tance, because common to large groups; but in certain genera 
the neuration differs in the different species, and likewise in 
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the two sexes of the same species. Sir J. Lubbock has re- 
cently remarked, that several minute crustaccans ofifer ex- 
cellent illustrations of this law. 'Tn Pontella, for instance, 
the sexual characters are afforded mainly by the antcrior 
antennae and by the fifth pair of legs: the specific differences 
also are principally given by these organs.’' This relatioii 
has a clear meaning on my view: I look at all the species 
of the same gentis as having as certainly descendcd from 
a common progenitor, as have the two sexes of any oiie spe- 
cies. Consequently, whatever part of the structure ol the 
common progenitor, or of its early descendants, becanie vari- 
ble, variations of this part would, it is highly probable, be 
taken advantage of by natural and sexual selection, in order 
to fit the several species to their several places in the econ- 
omy of nature, and likewise to fit the two sexes of the samc 
species to each other, or to fit the males to struggle with 
other males for the possession of the females. 

Finally, then, I conclude that the greater variability of 
specific characters, or those which distinguish specics froin 
species, than of generic characters, or those which arc pos- 
sessed by all the species;—that the frequent extremc varia- 
bility of any part which is developed in a species in an extra- 
ordinary manner in comparison with the same part in its 
congeners; and the slight degrcc of variability in a part, 
however extraordinarily it may be developed, if it be com- 
mon to a whole group of species; —that the great variability 
of secondary sexual characters, and their great differcnce in 
closely allied species;—that secondary sexual and ordinary 
specific differences are generally displayed in the same parts 
of the organisation, — arc all principles closely connected to- 
gethcr. AII being mainly due to the species of the same 
group being tbe descendants of a common progenitor, from 
whom they have inherited much in common,—to parts which 
have reccntly and largely varied being more likcly slill to go 
on varying than parts which have long bccn inheriled and 
Iiave not varied — to natural selection having more or less 
completely, according to the lapse of timc, ovcrmastcrcd thc 
lendency to reversion and to furthcr variability,—lo scxual 
sclection being less rigid than ordinary sclcction,—and to 
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variations in the same parts having been accumulated by 
natural and sexual selection, and having been thus adapted 
for secondary sexual, and for ordinary purposes. 

Distinct Species present analogoiis Variations, so that a 
Variety of one Species often assnmes a Character proper to 
an allied Species, or reverts to some of the Characters of an 
early Progenitor. —These propositions will be most readily 
understood by looking to our domestic races. The most dis- 
tinct breeds of the pigeon, in countries widely apart, present 
sub-varieties with reversed feathers on the head, and with 
feathers on the feet,—characters not possessed by the abo- 
riginal rock-pigeon; these then are analogous variations in 
two or more distinct races. The frequent presence of four- 
teen or even sixteen tail-feathers in the pouter may be con- 
sidered as a variation representing the normal structure of 
another race, the fantail. I presume that no one will doubt 
that all such analogous variations are due to the several 
races of the pigeon having inherited from a common parent 
the same constitution and tendency to variation, when acted 
on by similar unknown influences. In the vegetable king- 
dom we have a case of analogous variation, in the enlarged 
stems, or as commonly called roots, of the Swedish turnip 
and Ruta baga, plants which several botanists rank as varie- 
ties produced by cultivation from a common parent: if this 
be not so, the case will then be one of analogous variation 
in two so-called distinct species; and to these a third may be 
added, namely, the common turnip. According to the ordi- 
nary view of each species having been independently created, 
we should have to attribute this similarity in the enlarged 
stems of these three plants, not to the vera causa of com- 
niunity of descent, and a consequent tendency to vary in a 
like manner, but to three separated yet closely related acts 
of creation. Many similar cases of analogous variation have 
been observed by Naudin in the great gourd-family, and by 
various authors in our cereals. Similar cases occurring with 
insects under natural conditions have lately been discussed 
with much ability by Mr. Walsh, who has grouped them 
under his law of Equable Variability. 

With pigeons, however, we have another case, namely, 
the occasional appearance in all the breeds, of slaty-blue 
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bìrcls with two black bars on thc wings, white loins, a bar 
at the end of thc tail, with thc oiitcr fcathers cxtcrnally 
edged near their basis with whitc. As all thcsc marks are 
characteristic of thc parent rock-pigcon, I prcsumc that no 
one will doubt that this is a casc of reversion, and not of a 
new yet analogous variation appearing in thc scvcral brccds. 
Wc may, I think, confidently comc to this conclusion, bc- 
cause, as wc have seen, these colourcd marks arc cminently 
liable to appear in thc crossed offspring of two distinct and 
differently coloured brecds; and in this case thcre is nothing 
in the extcrnal conditions of lifc to cause the rcappearance 
of the slaty-blue, with thc scvcral niarks, bcyond thc infiu- 
ence of the mere act of crossing oii the laws of inhcritancc. 

No doubt it is a very surprising fact that characters should 
reappear after having been lost for many, probably for hun- 
dreds of generations. But whcn a brced has bccn crossed 
only once by some other breed, the offspring occasionally 
show for many generations a tendency to revert in character 
to the foreign breed—some say, for a dozen or cven a score 
of generations. After twelve generations, thc proportion of 
blood, to use a common expression, from one anccstor, is 
only I in 2048; and yet, as we see, it is gcnerally believed 
that a tendency to reversion is rctained by this rcmnant of 
foreign blood. In a brced which has not bcen crossed but 
in which both parents have lost somc character which their 
progenitor possessed, the tendency, whcthcr strong or wcak, 
to reproduce the lost character might, as was formerly rc- 
marked, for all that we can sec to thc contrary, bc trans- 
mitted for almost any numbcr of generations. Whcn a 
character which has been lost in a brccd, rcappcars aftcr a 
great number of generations, the most probable hypothcsis 
is, not that one individual suddcnly takes aftcr an ancestor 
removcd by some hundred gencrations, but that in cach suc- 
cessive gcneration the charactcr in qucstion lias hccii lying 
latent, and at last, undcr iinknowm favoiirahlc conditions, is 
developed. With the barb-pigeon, for instaiice, which ycry 
rarely produces a blue hird, it is probablc tliat thcre is a 
latent tendcncy in each gencration to produce bluc phmiagc. 
The abstract improbability of such a tendcncy bciug trans- 
naitted through a vast numbcr of gcncrations, is iiot grcatcr 
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than that o£ quìte useless or rudimentary organs being simi- 
larly transmitted. A mere tendency to produce a rudiment 
is indeed sometimes thus inherited. 

As all the species of the same genus are supposed to be 
descended froin a common progenitor, it might be expected 
that they would occasionally vary in an analogous manner; 
so that the varieties of two or more species would resemble 
each other, or that a variety of one species would resemble 
in certain characters another and distinct species,—this other 
species being, according to our view, only a well-marked and 
permanent variety. But characters exclusively due to analo- 
gous variation would probably be of an unimportant nature, 
for the preservation of all functionally Ìmportant characters 
will have been determined through natural selection, in ac- 
cordance with the different habits of the species. It might 
further be expected that the species of the same genus would 
occasionally exhibit reversions to long lost characters. As, 
however, we do not know the common ancestor of any 
natural group, we cannot distinguish between revisionary 
and analogous characters. If, for instance, we did not know 
that the parent rock-pigeon was not feather-footed or turn- 
crowned, we could not have told, whether such characters in 
our domestic breeds were reversions or only analogous varia- 
tions; but we might have inferred that the blue colour was a 
case of reversion from the number of the markings, which 
are correlated with this tint, and which would not probably 
have all appeared together from simple variation. More 
especially we might have inferred this, from the blue colour 
and the several marks so often appearing when differently 
coloured breeds are crossed. Hence, although under nature it 
must generally be left doubtful, what cases are reversions to 
formerly existing characters, and what are new but analo- 
gous variations, yet we ought, on our theory, sometimes to 
find the varying offspring of a species assuming characters 
which are already present in other members of the same 
group. And this undoubtedly is tlie case. 

The difficulty in distinguishing variable species is largely 
due to the varieties mocking, as it were, other species of the 
same genus. A considerable catalogue, also, could be given 
of forms intermediate between two other forms, which them- 
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selvcs can only doubtfiilly be rankcd as specics; and this 
shows, unlcss all thcsc closely allied forins bc considcred as 
indepcndently created species, tliat they have in varying as- 
sumed some of the charactcrs of thc others. But thc best 
evidence of analogous variations is affordcd by parts or 
organs which are generally constant in character, but which 
occasionally vary so as to resemblc, in somc degree, the 
same part or organ in all species I havc collected a long 
list of such cases; but herc, as before, I lie under the grcat 
disadvantage of not being ablc to give them. I can only rc- 
peat that such cascs ccrtainly occur, and seem to mc very re- 
markable. 

I will, however, givc one curious and complcx case, not 
indeed as affecting any important character, but from occur- 
ring in several species of thc same genus, partly iindcr 
domestication and partly under nature. It is a case almost 
certainly of reversion. Thc ass somctimcs has vcry distinct 
transverse bars on its legs, likc those on the lcgs of the 
zcbra: it has been asserted that these are plainest in the foal, 
and, from inquiries which I havc madc, I belicvc this to bc 
true. The stripe on the shoulder is somctimes doublc, and is 
very variable in length and outlinc. A whitc ass, but nol aii 
albino, has been described witliout citlier spinal or shoulder 
stripc: and these stripes are sometimes vcry obscure, or actu- 
ally quite lost, in dark-coloured asscs. The koulan of Pallas 
is said to havc bccn scen with a doublc shouldcr-stripc. Mr. 
Blyth has secn a specimen of thc hemionus with a distinct 
shoulder-stripc, though it propcrly has nonc; and I havc bccn 
informed by Colonel Poolc that the foals of this spccics are 
gencrally striped on the legs, and faintly on thc shoiilder. 
Thc quagga, thougli so plainly barred likc a zcbra over the 
body, is without bars on thc Icgs; biit Dr. Gray has fìgnred 
onc specimen with very distinct zcbra-likc bars on the hncks. 

With respect to thc horsc, I havc collcctcd cnscs in Kng- 
land of thc spinal stripe in horses of the inost distinct brceds, 
and of all colours; transversc bars on the legs arc not rare 
in duns, mouse-duns, and in one instanco in a clicstnut; a 
faint shouldcr-stripc may .sonictimcs bc secn in dims, and 1 
have seen a tracc in a bay horsc. My son made a careful 
examination and sketch for mc of a dim Bclgian cart-horsc 
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with a double stripe on each shoulder and with leg-stripes; 
I have myself seen a dun Devonshire pony, and a small dun 
Welsh pony has been careftilly described to me, both with 
tìiree parallel stripes on each shoulder. 

In the north-west part of India the Kattywar breed of 
horses is so generally striped, that, as I hear from Colonel 
Poole, who examined this breed for the Indian Government, 
a horse without stripes is not considered as purely-bred. 
The spine is always striped; the legs are generally barred; 
and the shoulder-stripe, which is sometimes double and some- 
times treble, is common; the side of the face, moreover, is 
sometimes striped. The stripes are often plainest in the foal; 
and sometimes quite disappear in old horses. Colonel Poole 
has seen both gray and bay Kattywar horses striped when 
first foaled. I have also reason to suspect, from information 
given me by Mr. W. W. Edwards, that with the English 
race-horse the spinal stripe is much commoner in the foal 
than in the fiill-grown animal. I have myself recently bred 
a foal from a bay mare (offspring of a Turkoman horse and 
a Flemish mare) by a bay English race-horse; this foal when 
a week old was marked on its hinder quarters and on its 
forehead with numerous, very narrow, dark, zebra-like bars, 
and its legs were feebly striped: all the stripes soon disap- 
peared completely. Without here entering on further details, 
I may state that I have collected cases of leg and shoulder 
stripes in horses of very difterent breeds in various countries 
from Britain to Eastern China; and from Norway in the 
north to the Malay Archìpelago in the south. In all parts of 
the world these stripes occur far oftenest in duns and mouse- 
duns; by the term dun a large range of colour is included, 
from one between brown and black to a close approach to 
cream-colour. 

I am aware that Colonel Hamilton Smith, who has written 
on this subject, believes that the several breeds of the horse 
are descended from several aboriginal species—one of which, 
the dun, was striped: and that the above-described appear- 
ances are all due to ancient crosses with the dun stock. But 
this view may be safely rejected; for it is highly improbable 
that the heavy Belgian cart-horse, Welsh ponies, Norwegian 
cobs, the lanky Kattywar race, &c., inhabiting the most dis- 
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tant parts of the world, should all havc bccn crosscd with 
one supposed aboriginal stock. 

Now let us turn to thc cffccts of crossing thc sevcral spc- 
cies of thc horsc-gcnus. Rollin asserts, that thc common 
mule froiii thc ass aiid horse is particularly apt to havc bars 
on its lcgs; according to Mr. Gosse, in certain parts of thc 
Unitcd States about ninc out of ten mulcs have striped lcgs. 
I once saw a mulc with its Icgs so much stripcd that any one 
might havc thought that it was a hybrid-zcbra; and Mr. 
W. C. Martin, in his exccllent trcatisc on the horse, has 
given a figure of a siniilar mulc. In four coloured drawings, 
which I have seen, of hybrids betwecn thc ass and zcbra, the 
legs were much morc plainly barred than the rcst of the 
body; and in one of them therc was a doublc shoiilder-stripe. 
In Lord Morton’s famous hybrid, from a chcstnut mare and 
male quagga, the hybrid, and cvcn thc pure offspring subsc- 
quently produced froin thc samc marc by a black Arabian 
sire, were much niore plainly barrcd across the lcgs than is 
even the pure quagga. Lastly, and this is another most rc- 
markable case, a hybrid has bcen fìgured by Dr. Gray (and 
he informs me that he knows of a second case) from the ass 
and the hemionus; and this hybrid, though,the ass only occa- 
sionally has stripes on his legs and the hcmionus has none 
and has not even a shouldcr-stripe, ncvertheless had all four 
legs barred, and had three short shoulder-stripes, like thosc 
on thc dun Devonshire and Welsh ponies, and cven had somc 
zebra-Iike stripcs on the sides of its facc. With respect to 
this last fact, I was so convinced that not cvcn a stripc of 
colour appears from what is commonly called chance, that I 
was led solely from the occurrcnce of thc face-stripcs on 
this hybrid from the ass and hemionus to ask Colonel Poole 
whether such face-stripes ever occurred in the eminently 
striped Kattywar breed of horses, and was, as we have sccn, 
answered in thc affirmative. 

What now are wc to say to thesc scveral facts? We sce 
several distinct spccies of thc horse-gcmis becoming, by 
simple variation, striped on the legs likc a zebra, or striped 
on the shoulders likc an ass. In the horsc we sce this tcn- 
dency strong whcnevcr a dun tint appears—a tint which ap- 
proachcs to that of the gcncral colouring of thc othcr spccies 
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of the genus. The appearance of the stripes is not accom- 
panied by any change of form or by any other new character. 
We see this leiidency to become striped most strongly dis- 
played in hybrids from between several of the most distinct 
species. Now observe the case of the several breeds of 
pigeons: they are descended from a pigeon (including two or 
three sub-species or geographical races) of a bluish colour, 
with certain bars and other marks; and when any breed 
assumes by simple variation a bluish tint, these bars and 
other marks invariably reappear; but without any other 
change of form or character. When the oldest and truest 
breeds of various colours arc crossed, we see a strong ten- 
dency for the blue tint and bars and marks to reappear in 
the mongrels. I have stated that the most probable hypothe- 
sis to account for the reappearance of very ancient charac- 
ters, is —that there is a tendency in the young of each suc- 
cessive generation to produce the long-lost character, and 
that this tendency, from unknown causes, sometimes prevails. 
And we have just seen that in several species of the horse- 
genus the stripes are either plainer or appear more com- 
monly in the young than in the old. Call the breeds of 
pigeons, some of which have bred true for centuries, species; 
and how exactly parallel is the case with that of the species 
of the horse-genus! For myself, I venture confidently to 
look back thousauds on thousands of generations, and I see 
an animal striped like a zebra, but perhaps otherwise very 
differently constructed, the common parents of our domestic 
horse (whether or not it be descended from one or more 
wild stocks), of the ass, the hemionus, quagga, and zebra. 

He who believes that each equine specìes was indepen- 
dently created, will, I presume, assert that each species has 
been created with a tendency to vary, both under nature and 
under domestìcation, in this particular manner, so as often 
to become striped like the other species of the genus; and 
that each has been created with a strong tendency, when 
crossed with species inhabiting distant quarters of the world, 
to produce hybrids resembling in their stripes, not their own 
parents, but other species of the genus. To admit this view 
is, as it seems to me, to reject a reai for an unreal, or at 
least for an unknown, cause. It makes the works of God a 
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mere mockery and dcceplion ; I woiild almost as soon believc 
with thc old and ignorant cosmogonìsts, that fossil shclls had 
never lived, biit had been created in stone so as to mock the 
shells living on the sea-shore. 

Siimmary .—Our ignorance of the laws of variation is pro- 
found. Not in one case out of a hundred can we pretend to 
assign any reason why this or that part has varied. But 
whenever we have the means of instituting a comparison, thc 
same laws appear to have actcd in producing the lesser difìfer- 
ences between varieties of the same species, and the greater 
differences between species of the same genus. Changed 
conditions generally induce merc fluctuating variability, but 
sometimes they cause dircct and definite effects; and these 
may become strongly marked in the course of time, though 
we have not sufiìcient evidence on this head. Habit in pro- 
ducing constitutional peculiaritics and use in strengthening 
and disuse in wcakening and diminishing organs, appcar in 
niany cases to have been potent in thcir effects. Homologous 
parts tcnd to vary in the same manner, and homologous parts 
tend to cohcre. IModifications in hard parts and in external 
parts sonictinies altect softer and internal parts. When one 
part is largcly developed, perhaps it tcnds to draw nourFsh- 
nient from the adjoining parts; and evcry part of the struc- 
ture which can be saved without detriment will be saved. 
Changes of structure at an carly agc may affect parts subse- 
quently developed; and many cascs of corrclated variation, 
the nature of which wc are unable to undcrstand, undoubt- 
cdly occur. ÌMultiple parts are variable in number and in 
structure, perhaps arising from such parts not having been 
closely spccialised for any particular function, so that their 
modifications have not bccn closely checkcd by natural selcc- 
tion. It follows probably froni this same cause, that organic 
bcings low in the scale are more variable than those stand- 
ing higher in thc scale, and which have their whole organi- 
sation more specialised. Rudimentary organs, from bcing 
uselcss, are not regulatcd by natural sclection. and hence are 
variable. Specific charactcrs—that is, thc characlcrs whicli 
have come to differ sincc thc scvcral si^ccics ol llic sainc 
gcnus branchcd off from a common parcnl arc more vari- 
able than gcncric charactcrs, or thosc whicli ha\e long becn 
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inherited, and have not differed within this same period. In 
these remarks we have referred to special parts or organs 
being still variable, because they have recently varied and 
thus come to differ; but we have also seen in the second 
chapter that the same principle applies to the whole indi- 
vidual; for in a district where many species of a genus are 
found—that is, where there has been much former variation 
and differentiation, or where the nianufactory of new specific 
forms has been actively at work —in that district and amongst 
these species, ws now fiiid, on an average, most varieties. 
Secondary sexual characters are highly variable, and such 
characters differ much in the species* of the same group. 
Variability in the same parts of the organisation has gener- 
ally been taken advantage of in giving secondary sexual 
differences to the two sexes of the same species, and specific 
differences to the several species of the same genus. Any 
part or organ developed to an extraordinary size or in an 
extraordinary manner, in comparison with the same part or 
organ in the allied species, must have gone through an 
extraordinary amount of modification since the genus arose; 
and thus we can understand why it should often still be vari- 
able in a much higher degree than other parts; for variation 
is a long-continued and slow process, and natural selection 
will in such cases not as yet have had time to overcome the 
tendency to further variability and to reversion to a less 
modified state. But when a species with any extraordinarily- 
developed organ has become the parent of many modified 
descendants— which on our vìew must be a very slow process, 
requiring a long lapse of time — in this case, natural selection 
has succeeded in giving a fixed character to the organ, in 
however extraordinary a manner it may have been developed. 
Species inheriting nearly the same constitution from a com- 
mon parent, and exposed to similar influences, naturally tend 
to present analogous variations, or these same species may 
occasionally revert to some of the characters of their ancient 
progenitors. Although new and impòrtant modifications may 
not arise from reversion and analogous variation, such modi- 
fications will add to the beautiful and harmonious diversity 
of nature. 

Whatever the cause may be of each slight difference be- 
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twccn thc offsprìng and thcir parcnts —and a causc for cach 
must cxist—wc havc rcason to bclicvc that it is thc stcady 
accumulation of bcncficial difìferenccs which has givcn risc 
to all the more important modifications of structurc in rcla' 
tion to the habits of each spccies. 


CHAPTER VI 
Difficulties of the Theory 


Difficulties Oi the theory of descent with modification—Absence or 
rarity o£ transitional varieties—Transitions in habits of life— 
Diversified habits in the same species—Species with habits widely 
different from those of their allies—Organs of extreme perfec- 
tion—Modes of transition—Cases of difficulty—Natura non facit 
saltum—Organs of small importance—Organs not in all cases 
absolutely perfect—The law of Unity of Type and of the Con- 
ditions of Existence embraced by the theory of Natural 
Selection. 



ONG before the reader has arrived at this part of my 


work, a crowd of difficulties will have occurred to him. 


* Some of them are so serious that to this day I can 
hardly reflect on them without being in some degree stag- 
gered; but, to the best of my judgment, the greater number 
are only apparent, and those that are real are not, I think, 
fatal to theory. 

These difficulties and objections may be classed under the 
following heads;—First, why, if species have descended from 
other species by fine gradations, do we not everywhere see 
innumerable transitional forms? Why is not all nature in 
confusion, instead of the species being, as we see them, well 
defined? 

Secondly, is it possible that an animal having, for instance, 
the structure and habits of a bat, could have been formed by 
the modification of some other animal with widely different 
habits and structure? Can we believe that natural selection 
could produce, on the one hand, an organ of trifling impor- 
tance, such as the tail of a girafìfe, which serves as a fly- 
fìapper, and, on the other hand, an organ so wonderful as the 
eye? 

Thirdly, can instincts be acquired and modified through 
natural selection? What shall we say to the instinct which 
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leads the bee to make cells, and which has practically antici- 
pated the discoveries of profound mathematicians ? 

Fourthly, how can we account for spccics, whcn crosscd, 
being sterile and producing sterilc offspring, whcreas, whcn 
varieties are crossed, their fertility is unimpaired? 

The two first heads will herc be discussed; somc mi'^ccl- 
laneous objections in the following chaptcr; Instinct and 
Hybridism in thc two succccding chapters. 

On fìic Ahscncc or Rarify of Transitional Varictìcs .—As 
natural sclcction acts solely by the preservation of profitable 
modifications. cach new form will tend in a fully-stockcd 
country to takc the place of, and finally to exterminate, its 
own less iniproved parent-form and other less-favoured forms 
with which it comcs into competition. Thus extinction and 
natural selection go hand in hand. Hence, if wc look at 
each species as descended from somc unknown form, both 
the parent and all the transitional varietics will generally 
have been exterminated by the very process of the formation 
and perfection of the ncw form. 

But, as by this theory innumcrable transitional forms must 
have existed, why do we not find them cmbcdded in countless 
numbers in the crust of the earth ? It will bc more con- 
venient to discuss this question in the chaptcr on the Imper- 
fection of the Geological Rccord; and I will herc only statc 
that I belicvc the answer mainly lics in the record bcing in-' 
parably less perfcct than is gencrally supposcd. Thc crust 
of the earth is a vast niuseum; but thc natural collections 
have been imperfectly made, and only at long intervals of 
time. 

But it may be urged that when several closely-allied 
species inhabit the same territory, we surely ought to find at 
the present timc many transitional forms. Lct iis takc a 
simple case: in travclling from north to south ovcr a conti- 
nent, we gcncrally mect at successivc intervals with closely 
allied or representative species, evidently filling ncarly the 
same place in thc natural cconomy of thc land. Thosc rcprcscn- 
tative spccies often meet and intcrlock; and as thc ono be- 
comcs rarcr and rarcr, thc other bccoinos nioro and morc 
frequent, till the one rcplaccs thc othcr. Bnt if wo oomi^are 
these species whcrc thcy intcrminglc, thoy arc goiicrally as ab- 
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soliitely distinct from each other in every detail of structure 
as are specimens taken from the metropolis inhabited by each. 
By my theory these allied species are descended from a com- 
mon parent; and during the process of modifìcation, each has 
become adapted to the conditions of life of its own region, 
^^and has supplanted and exterminated its original parent- 
form and all the transitional varieties between its past and 
present states. Hence we ought not to expect at the present 
^ime to meet with numerous transitional varieties in each re- 
gion, though they must have existed there, and may be em- 
bedded there in a fossil condition. But in the intermediate 
region, having intermediate conditions of lìfe, why do we not 
now find closely-Iinking intermediate varieties? This diffi- 
culty for a long time quite confounded me. But I think it 
can be in large part explained. 

In the first place we should be extremely cautious in in- 
fer ring, because an area is now continuous, that it has been 
continuous during a long period. Geology would lead us to 
believe that most continents have been broken up into islands 
even during the later tertiary periods; and in such islands 
distinct species might have been separately formed without 
the possibility of Ìntermediate varieties existing in the inter- 
mediate zones. By changes in the form of the land and of 
climate, marine areas now continuous must often have ex- 
isted within recent times in a far less continuous and uniform 
condition than at present. But I will pass over this way of 
escaping from the difficulty; for I believe that many per- 
fectly defined specìes have been formed on strictly continu- 
ous areas; though I do not doubt that the formerly broken 
condition of areas now continuous, has played an important 
part in the formation of new species, more especially with 
freely-crossing and wandering animals. 

In looking at species as they are now distributed over a 
wide area, we generally find them tolerably numerous over a 
large territory, then becoming somewhat abruptly rarer and 
rarer on the confines, and finally disappearing. Hence the 
neutral territory between two representative species is gen- 
erally narrow in comparison with the territory proper to each. 
We see the same fact in ascending mountains, and sometimcs 
it is quite remarkable how abruptly, as Alph. de Candolle has 
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observed, a common alpìne spccics disappcars. Thc samc 
fact has been noticcd by E. Forbcs in soiinding thc dcpths of 
the sea with thc drcdgc. To thosc who look at climate and 
the physical conditions of lifc as thc all-iniportant clcmcnts 
of distribution, thcse facts ought to caiisc surprisc, as cli- 
mate and height or depth graduatc away inscnsibly. But 
whcn we bear in niiiid that almost cvcry spccics, evcn in its 
mctropolis, would incrcase immcnscly in numbcrs, wcrc it not 
for other compcting spccies; that nearly all cithcr prcy on or 
serve as prey for othcrs; in short, that cach organic hcìng is 
either dircctly or indircctly rclated in thc most important 
manner to other organic bcings,—we scc that the range of thc 
inhabitants of any country by no means cxclusively dcpcnds 
on insensibly changing physical conditions, but in a largc 
part on thc presence of other specic'*. rr which it lives, or by 
which it is destroyed, or with which it comcs into compcti- 
tion; and as these specics are alrcady dcfincd objccts, not 
blending one into anothcr by inscnsiblc gradatìons, thc rangc 
of any one species, depending as it does on thc range of 
othcrs, will tend to be sharply dcfined. iMorcover, cach 
species 011 the confines of its rangc, whcre it cxists in less- 
ened nunibers, will, during fluctuations in thc numlxjr of its 
encmies or of its prcy, or in thc naturc of the seasons, be ex- 
tremely liablc to utter cxtcrmination ; and thus its gcographi- 
cal range will conic to be still niore sharply dcfined. 

As allicd or rcprcsentativc specics, when inhabitìng a con- 
tinuous arca, arc gencrally distributed in such a manncr that 
each has a wide rangc, with a comparativcly narrow ncutral 
territory between them, in which they bccoinc rather suddcnly 
rarer and rarer; then, as varietics do not esscntially diffcr 
from species, thc samc rulc will probably apply to both; and 
if wc take a varying specics inhabiting a vcry largc arca, wc 
shall havc to adapt two varicties to two large arcas, and a 
third variety to a narrow intcrmediate zonc. Thc intcnncdi- 
ate variety, consequently, will cxist in Icsscr numbcrs from 
inhabiting a narrow and lesscr area; and practically. as far as 
I can make out, this rulc holds good with varicties in a statc 
of naturc. I have mct with striking instanccs of ihe rulc in 
the casc of varietics intcrmediatc bctwccn wcll-inarked vari- 
eties in thc gcnus Balanus. And it would appear from infor- 
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matìon given me by Mr. Watson, Dr. Asa Gray, and Mr. 
Wollaston, that generally, when varieties intermediate be- 
jtween two other forms occurpfKey^^_much rarer numeri- 
'càTIy than the forms which they connect. ISTow, if we may 
trust thes'e''facts and inferences, and conclude that varieties 
linking two other varieties together generally have existed 
in lesser numbers than the forms which they connect, then 
w e can understand why intermediate yarieties should not en- 
dure for ver^long periods why, as a general rule, they 
should be exterminated and disappear, sooner than the forms 
wEIchnhey origlhàlly'rmked togelhèr. 

For any form existing in lesser numbers would, as already 
remarked, run a greater chance of being exterminated than 
one existing in large numbers; and in this particular case the 
intermediate form would be eminently liable to the inroads of 
dosely-allied forms existing on both sides of it. But it is a 
far more important consideration, that during the process of 
further modification, by which two varieties are supposed to 
be converted and perfected into t^vo distinct species, the two 
whìch exist in larger numbers, from inhabiting larger areas, 
will have a great advantage over the intermediate variety, 
which exists in smaller numbers in a narrow and intermedi- 
ate zone. For forms existing in larger numbers will have a 
better chance, within any given period, of presenting further 
favourable variations for natural selection to seize on, than 
will the rarer forms which exist in lesser numbers. Hence, 
the more common forms, in the race for life, will tend to beat 
and supplant the less common forms, for these will be more 
slowly modified and improved. It is the same principle 
which, as I believe, accounts for the common species in each 
country, as shown in the second chapter, presenting on an 
average a greater number of well-marked varietìes than do 
the rarer species. I may illustrate what I mean by supposing 
three varieties of sheep to be kept, one adapted to an exten- 
sive mountainous region ; a second to a comparatively narrow, 
hilly tract; and a third to the wide plains at the base; and 
that the inhabitants are all trying with equal steadiness and 
skill to improve their stocks by selection; the chances in this 
case will be strongly in favour of the great holders on the 
mountains or on the plains, improving their breeds more 
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quickly than the small holders on the intcrmcdiatc nnrrow, 
hilly tract; and consequently the iinproved mountain or pluin 
brecd will soon take the place of thc less improvcd hill brccd; 
and thus the two breeds, which originally cxistcd in grcalcr 
numbers, will come into close contact with each othcr, wiili- 
out the interposition of the supplantcd, intcrmcdiate hill 
variety. 

To sum up, I belicve that spccics come to be tolerably wcll- 
defined objects, and do not at any one pcriod prcscnt an inex- 
tricable chaos of varying and intermediate links: first, be- 
cause new varieties are very slowly formed, for variation is 
a slow process, and natural selcction can do nothing until 
favourable individual differcnces or variations occur, and un- 
til a place in the natural polity of the country can bc bettcr 
filled by some modification of some one or morc of its inhabit- 
ants. And such new places will dcpend on slow changcs of 
climate, or on the occasional immigration of new inhabitants, 
and, probably, in a still morc important degrec, on some of 
the old inhabitants becoming slowly modified, with the ncw 
forms thus produced and the old ones acting and reacting on 
each other. So that, in any one rcgion and at any one timc, 
we ought to see only a few spccies presenting slight modifi- 
cations of structure in some degrec permanent; and this as- 
suredly we do see. 

Secondly, areas now continuous must often havc existed 
within the recent pcriod as isolatcd portions, in which many 
forms, more especially amongst thc classes which unite for 
each birth and wander much, may have separately been rcn- 
dered sufficiently distinct to rank as representative species. 
In this case, intermediate varietics between the scvcral reprc- 
sentative species and their common parent, must formcrly 
have existed within each isolated portion of thc land. biit 
these links during the process of natural sclection will havc 
bcen supplanted and exterminated, so that they will no longcr 
be found in a living state. 

Thirdly, when two or more varietics have becn formcd in 
different portions of a strictly continuous arca, intcrmcdiatc 
varieties will, it is probablc, at first have hecn formcd in thc 
intermediatc zoncs, but thcy will gcncrally havc liad a short 
duration. For these internicdiatc varictics will, froju rcasons 
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already assìgned (naniely from what we know of the actual 
distribution of closely allied or representative species, and 
likewise of acknowledged varìeties), exist in the intermediate 
zones in lesser numbers than the varieties whìch they tend to 
connect. From this cause alone the intermediate varieties 
will be liable to accidental extermination; and durìng the 
process of further modification through natural selectìon, 
they will almost certainly be beaten and supplanted by the 
forms which they connect; for these from existìng in greater 
numbers will, in the aggregate, present more varieties, and 
thus be further improved through natural selection and gain 
further advantages. 

Lastly, looking not to any one time, but to all time, if my 
theory be true, numberless intermediate varieties, linking 
closely together all the species of the same group, must as- 
suredly have existed; but the very process of natural selec- 
tion constantly tends, as has been so often remarked, to ex- 
terminate the parent-forms and the intermediate links. Con- 
sequeiitly evidence of their former existence could be found 
only amongst fossil remains, which are preserved, as we shall 
attempt to show in a future chapter, in an extremely imper- 
fect and intermittent record. 

On the Orlgtn and Transitions of Organic Beings ivith 
pecnliar Habits and Structure. —It has been asked by the 
opponents of such views as I hold, how, for instance, could 
a land carnivorous animal have been converted into one with 
aquatic habits; for how could the animal in its transitìonal 
state have subsisted? It would be easy to show that there 
now exist carnivorous animals presenting close intermediate 
grades from strictly terrestrial to aquatic habits; and as each 
exists by a struggle for life, it is clear that each must be well 
adapted to its place in nature. Look at the Mustela vison 
of North America, which has webbed feet, and which re- 
senibles an otter in its fur, short legs, and form of tail. Dur- 
ing the summer this animal dives for and preys on fish, but 
during the long winter it leaves the frozen waters, and preys, 
like other pole-cats, on mice and land animals. If a different 
case had been taken^ and it had been asked how an insectiv- 
orous quadruped could possibly have been converted into 
a flying bat, the question would have been far more ^ 
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tìifficult to answer. Yet I think such difficiilties have little 
weight. 

Here, as on other occasions, I lic under a hcavy disadvan- 
tage, for, out of the many striking cascs whicli I havc col- 
lected, I can givc only one or two instances of transitional 
habits and striictures in allied spccics; and of diversificd 
habits, either constant or occasional, in the samc spccics. 
And it seems to me that nothiiig less than a long list of such 
cases is sufficient to lessen the difficulty in any particular 
case like that of the bat. 

Look at the family of squirrels; here we havc thc fìnest 
gradation from animals with their tails only slightly flat- 
tened, and from others, as Sir J. Richardson has remarkcd, 
with the posterior part of their bodics rather wide and with 
the skin on their flanks rathcr full, to the so-callcd flyìng 
squirrels; and flying squirrels have their limbs and evcn the 
base of the tail united by a broad cxpanse of skin, which 
serves as a parachute and allows thcm to glide through the 
air to an astonishing distance from tree to tree. Wc cannot 
doubt that each structure is of use to cach kind of squirrcl in 
its own country, by enabling it to escape birds or bcasts of 
prey, to collect food more quickly, or, as therc is reason to 
believe, to lessen the danger from occasional falls. But it 
does not follow from this fact that the structurc of each 
squirrel is the best that it is possible to conceive undcr all 
possible conditìons. Let the climate and vegetation changc, 
let other competing rodcnts or new beasts of prcy imniigratc, 
or old ones become modifìed, and all analogy would Icad us to 
believe that some at least of the squirrcls would dccrease in 
numbers or become extenninated, unlcss they also bccame 
modifìed and improved in structure in a corresponding man- 
ner. Therefore, I can see no difficulty, more cspccially under 
changing conditions of life, in thc continucd prcscrvatioii of 
individuals with fuller and fuller flank-membrancs, cach niodi- 
fìcation being useful, each bcing propagated, iintil, by thc ac- 
cumulated effects of this process of natural sclection, a per- 
fect so-called flying squirrcl was produccd. 

Now look at the Galcopithccus or so-callcd flying Iciinir, 
which formerly was rankcd amongst bats, but is now l)clic\cd 
to belong to the Insectivora. As cxtreincly widc flank-mcin- 
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brane stretches from tbe comers of the jaw to the taìl, and 
includes the limbs with the elongated fingers. This flank- 
membrane is furnished with an extensor muscle. Although 
no graduated links of structure, fitted for gliding through the 
air, now connect the Galeopithecus with the other Insec- 
tivora, yet there is no difficulty to supposing that such links 
formerly existed, and that each was developed in the same 
manner as with the less perfectly gliding squirrels; each 
grade of structure having been useful to its possessor. Nor 
can I see any insuperable difficulty in further believing that 
the membrane connected fingers and fore-arm of the Galeopi- 
thecus mìght have been greatly lengthened by natural selec- 
tion; and this, as far as the organs of flight are concerned, 
would have converted the animal into a bat. In certain bats 
in which the wing-membrane extends from the top of the 
shoulder to the tail and includes the hind-Iegs, we perhaps 
see traces of an apparatus originally fitted for gliding 
through the air rather than for flight. 

If about a dozen genera of birds were to become extinct, 
who would have ventured to surmise that birds mìght have 
existed which used their wings solely as flappers, like the 
logger-headed duck (Micropterus of Eyton) ; as fins in the 
water and as front-Iegs on the land, like the penguin; as 
sails, like the ostrich; and functionally for no purpose, like 
the Apteryx? Yet the structure of each of these birds is 
good for it,under the conditions of life towhich it is exposed, 
for each has to live by a struggle; but it is not necessarily 
the best possible under all possible conditions. It must not 
be inferred from these remarks that any of the grades of 
wing-structure here alluded to, which perhaps may all be the 
result of disuse, indicate the steps by which birds actually 
acquired their perfect power of flight; but they serve to show 
what diversified means of transition are at least possible. 

Seeìng that a few members of such water-breathing classes 
as the Crustacea and Mollusca are adapted to live on the 
land; and seeing that we have flying birds and mammals, fly- 
ing insects of the most diversified types, and formerly had 
flying reptiles, ìt is conceìvable that flying-fish, which now 
glide far through the air, slìghtly rising and turning by the 
aid of their fluttering fins, might have been modified per- 
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'fectly w’ìnged animals. I£ this had becn cfTcclcd. who wouM 
have ever imagined that in an early transitional statc thej 
liad been the inhabitants of the opcn occan, and had uscfl 
their incipient organs of flight excltisivcly, as far as we kiiow, 
to escape being devoured by other fìsh? 

When W'C see any structure highly perfected for any par- 
ticular habit, as the wdngs of a bird for flight, w’c should bear 
in niind that animals displaying early transitional grades of 
the structure will seldom have survived to the prcsent day, 
for they will have been supplanted by their successors, w’hich 
w’ere gradually rendered more perfect through natural selec- 
tion. Furthermore, we may conclude that transitional states 
betw^een structures fitted for very difì'crent habits of life w'ill 
rarely have been developed at an early period in great num- 
bers and under many subordinate forms. Thus, to return to our 
imaginary illustration of the flying-fish, it does not secm 
probable that fishes capable of true flight would have been 
developed under many subordinate forms, for taking prey of 
many kinds in many ways, on the land and in the water, until 
their organs of flight had come to a high state of perfection, 
so as to have given them a dccided advantage over othcr ani- 
nials in the battle for life. Hence the chance of discovering 
species with transitional grades of structure in a fossil con- 
dition will always be less, from their having existed in lesser 
numbers, than in the case of species wdth fully developed 
structures. 

I will now give two or three instances both of diversified 
and of changed habits in the individuals of the saine specìes. 
In either case it would be easy for natural selcction to adapt 
the structure of the animal to its changed habits, or exclu- 
sively to one of its several habits. It is, however, diflìciilt 
to decide, aiid immaterial for us, whether habits gcnerally 
change first and structure afterw’ards; or whether slight 
modifications of structure lead to changed habits: both prob- 
ably often occurring almost simultaneou.sly. Of cases of 
changed habits it wdll suflìce merely to alludc to tliat of the 
many British insccts which now fccd on exotic plants. or ex- 
clusively on artificial substances. Of divcrsificd habits innu- 
merable Ìnstances could be given: I have often watched a 
tyrant flycatcher (Saurophagus sulphuratus) in South Amcr- 
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ica, hovering over one spot and then proceeding to another, 
like a kestrel, and at other times standing stationary on the 
margin of water, and then dashing into it like a kingfisher 
at a fish. In our own country the larger titmouse (Parus 
major) may be seen climbing branches, almost like a creeper; 
it sometimes, like a shrike, kills small birds by blows on the 
head; and I have many times seen and heard it hammering 
the seeds of the yew on a branch, and thus breaking them 
jike a nuthatch. In North America the black bear was seen 
by Hearne swimming for hours with widely open mouth, thus 
catching, almost like a whale, insects in the water. 

As we sometimes see individuals following habits different 
from those proper to their species and to the other species of 
the same genus, we might expect that such individuals would 
occasionally give rise to new species, having anomalous 
habits, and with their structure either slightly or considerably 
modified from that of their type. And such instances occur 
in nature. Can a more striking instance of adaptation be 
given than that of a woodpecker for climbing trees and seiz- 
ing insects in the chinks of the bark? Yet in North America 
there are woodpeckers which feed largely on fruit, and others 
with elongated wings which chase insects on the wing. On 
the plains of La Plata, where hardly a tree grows, there is a 
woodpecker (Colaptes campestris) which has two toes before 
and two behind, a long pointed tongue, pointed tail-feathers, 
sufficiently stiff to support the bird in a vertical position on 
a post, but not so stiff as in the typical woodpeckers, and a 
straight strong beak. The beak, however, is not so straight 
or so strong as in the typical woodpeckers, but it is strong 
enough to bore into wood. Hence this Colaptes in all the 
essential parts of its structure is a woodpecker. Even in 
such trifling characters as the colouring, the harsh tone of 
the voice, and undulatory flight, its close blood-relationship 
to our common woodpecker is plainly declared; yet, as I can 
assert, not only from my own observations, but from those 
of the accurate Azara, in certain large districts it does not 
climb trees, and it makes its nest in holes in banks! In cer- 
tain other districts, however, this same woodpecker, as Mr. 
Hudson states, frequents trees, and bores holes in the trunk 
for its nest I may mention as another illustration of the 
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varied habits of this genus, that a IMexican Colaptes has bccn 
described by De Saussure as boring holes into hard wood in 
order to lay up a store of acorns. 

Pctrcls arc the most aèrial and oceanic of birds, but in the 
quiet sounds of Tierra del Fuego, the Puffinuria berardi, in 
its general habits, in its astonishing power of diving, iii its 
manner of swimming and of flying when made to take flight, 
would be mistaken by aiiy one for an auk or a grebe; ncver- 
theless it is essentially a petrel, but with many parts of its 
organisation profoundly modified in relation to its ncw habits 
of life; whereas the woodpecker of La Plata has had its 
structure only slightly modified. In the case of the water- 
ouzel, the acutest observer by examining its dead body would 
ncvcr have suspected its sub-aquatic habits; yet this bird, 
which is allied to the thrush family, subsists by diving—using 
its wings under water, and grasping stones with its feet. All 
thc members of the great order of Hymenopterous insects 
arc terrestrial, excepting the genus Proctotrupes, which Sir 
John Lubbock has discovered to be aquatic in its habits; it 
often enters the water and dives about by thc use not of its 
legs but of its wings, and remains as long as four hours be- 
ncath the siirface; yet it exhibits no modification in structure 
in accordance with its abnormal habits. 

He who believes that each being has becn crcated as we 
now see it, must occasionally have fclt surprise whcn he has 
met with an animal having habits and structure not in agree- 
mcnt. What can be plainer than that the webbed feet of 
ducks and geese are formed for swimining? Yet there are up- 
land geesc with webbed feet which rarcly go near the water; 
and no one except Audubon has secu the frigate-bird, which 
has all its four toes webbed, alight on the surfacc of the 
occan. On the other hand, grebes and coots are eiiiinenlly 
aquatic, although their toes are only bordered by nicinbrane. 
What seems plainer than that the long toes, not furnishcd 
with membrane of the Grallatorcs are formcd for walking 
over swamps and floating plants?—the watcr-hen and land- 
rail are members of this order, yet the first is ncarly as 
aquatic as the coot, and the sccond ncarly as lcrrcslrial as 
the quail or partridge. In such cascs, and inany ollicrs could 
bc given, habits have changed without a corrcspondlng cliangc 
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of structure. The webbed feet of the upland goose may be 
said to have beconie almost rudimentary ìn function, though 
not in structure. In the frigate-bird, the deeply scooped 
membrane between the toes shows that structure has begun 
to change. 

He who believes in separate and innumerable acts of cre- 
ation may say, that in these cases it has pleased the Creator 
to cause a being of one type to take the place of one belonging 
to another type; but this seems to me only re-stating the fact 
in dignified language. He who believes in the struggle for 
existence and in the principle of natural selection, will ac- 
knowledge that every organic being is constantly endeavour- 
ing to increase in numbers; and that if any one being varies 
ever so little, either in habits or structure, and thus gains an 
advantage over some other inhabitant of the same country, it 
will seize on the place of that inhabitant, however different 
that may be from its own place. Hence it will cause him no 
surprise that there should be geese and frigate-birds with 
webbed feet, living on the dry land and rarely alighting on 
the water, that there should be long-toed corncrakes, living in 
meadows instead of in swamps; that there should be wood- 
peckers where hardly a tree grows; that there should be div- 
ing thrushes and diving Hymenoptera, and petrels with the 
habits of auks. 

ORGANS OF EXTREME PERFECTION AND COMPLICATION. 

To suppose that the eye with all its inimitable contrivances 
for adjusting the focus to different distances, for admitting 
different amounts of light, and for the correction of spherical 
and chromatic aberration, could have been formed by natural 
selection, seems, I freely confess, absurd ìn the highest de- 
gree, When it was first said that the sun stood still and the 
world turned round, the common sense of mankind declared 
the doctrine false; but the old saying of Vox popiili, vox Dei, 
as every philosopher knows, cannot be trusted in science. 
Reason tells me, that if numerous gradations from a simple 
and imperfect eye to one complex and perfect can be shown 
to exist, each grade being useful to its possessor, as is cer- 
tainly the case; if further, the eye ever varies and the vari- 


ORGANS OF EXTREMR PERFECTION 


191 


ations bc inherited, as ìs likewise ccrtainly the case; and ìf 
snch variations should be useful to any aninial under chang- 
ing conditions of life, then the difficulty of believinj^ that a 
perfect and complex eye could be fonned by natural selection, 
though insnperable by our imagination, should not bc consid- 
ered as subversive of the theory. How a nerve comes to bc 
sensitive to light, hardly concerns us more than how life it- 
self originated ; but I may remark that, as some of the lowest 
organisms, iii which nerves cannot be detected, arc capablc of 
perceiving Hght, it does not seeni ìmpossible that ccrtain sen- 
sitive elcments in their sarcode should become aggregated 
and developed into nerves, endowed with this special sensi- 
bility. 

In searching for the gradations through which an organ in 
any species has been perfected, we ought to look exclusively 
to its lineal progenitors; but this is scarcely ever possible, 
and we are forced to look to other specics and gcnera of the 
same group, that is to the collateral dcscendants from the 
saine parent-form, in order to see what gradations are pos- 
sible, and for the chance of some gradations having ÌDecn 
transmitted in an unaltered or little altered condition. But 
the state of the same organ in distinct classes may incident- 
ally throw light on the steps by which it has bcen perfected. 

The simplest organ which can be callcd an eyc consists of 
an optic nerve, surrounded by piginent-cells and covercd by 
translucent skin, but without any lens or other refractive 
body. We may, however, according to '\I. Jourdain. descend 
even a step low^er and find aggregates of pigmcnt-cells. appar- 
ently scrving as organs of vision, without any iicrves, and 
resting merely on sarcodic tissuc. Eycs of thc above siinj)Ic 
nature are not capable of distinct vision, and serve only to 
distinguish light from darkness. In certain star-fishcs, sinall 
dcpressions in the layer of pigment which surrounds the 
nerve are fillcd, as described by the author just quotcd, with 
transparent gelatinous matter, projecting wfith a convcx sur- 
face, like thc cornea in the higher animals. He stiggests that 
this serves not to form an image, but only to concentrate thc 
luminous rays and render their perccption inorc easy. In 
this concentration of the rays we gain thc first and by far the 
most important step towards the fomiation of a true, picture' 
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forming eye; for we have only to place the naked extremity 
of the optic nerve, which in some of the lower animals lies 
deeply buried in the body, and in some near the surface, at 
the right distance from the concentrating apparatus, and an 
image will be formed on it. 

In the great class of the Articulata, we may start from an 
optic nerve simply coated with pigment, the latter sometimes 
forming a sort of pupil, but destitute of a lens or other opti- 
cal contrivance. With insects it is now known that the nu- 
merous facets on the cornea of their great compound eyes 
form true lenses, and that the cones include curiously modi- 
fied nervous fìlaments. But these organs in the Articulata 
are so much diversified that MiiIIer formerly made three main 
classes with seven subdivisions, besides a fourth main class 
of aggregated simple eyes. 

When we reflect on these facts, here given much too briefly, 
with respect to the wide, diversified, and graduated range of 
structure in the eyes of the lower animals; and when we bear 
in mind how small the number of all living forms must be in 
comparison with those which have become extinct, the diffi- 
culty ceases to be very great in believing that natural selec- 
tion may have converted the simple apparatus of an optic 
nerve, coated with pigment and invested by transparent mem- 
brane, into an optical instrument as perfect as is possessed 
by any member of the Articulate Class. 

He who will go thus far, ought not to hesitate to go one 
step further, if he finds on finishing this volume that large 
bodies of facts, otherwise inexplicable, can be explained by 
the theory of modification through natural selection; he ought 
to admit that a structure even as perfect as an eagle’s eye 
might thus be formed, although in this case he does not know 
the transitional states. It has been objected that in order to 
modify the eye and still preserve it as a perfect instrument, 
many changes would have to be effected simultaneously, 
which, it is assumed, could not be done through natural 
selection; but as I have attempted to show in my work on the 
variation of domestic animals, it Ìs not necessary to suppose 
that the modifications were all simultaneous, if they were ex- 
tremely slight and gradual. Different kinds of modification 
would, also, serve for the same general purpose: as Mr. Wah 


^ORGANS OF EXTREISIE PERFECTION 


193 


lace has remarked, ‘‘if a lens has too short or too long a 
focus, it may be amended either by an alteration of curvature, 
or an alteration of densitv; if the curvature be irregular, and 
the rays do not converge to a point, then any increascd regu- 
larity of curvature will be an iinprovement. So the contrac- 
tion of the iris and the muscular movements of the eyc are 
neither of them essential to vision, but only improvements 
which might have been added and perfected at any stage of 
the construction of the instrument.’’ W'ithin the Iiighcst di- 
vision of the animal kingdom, naniely, the \^ertebrata, we can 
start from an eye so simplc, that it consists, as in the lance- 
let, of a little sack of transparent skin, furnished with a 
nerve and lined with pigmcnt, but dcstitute of any other ap- 
paratus. In fishes and reptiles, as Owen has remarked, “the 
range of gradations of dioptric structures is very great.” It 
is a significant fact that even in man, according to the high 
authority of Virchow, the beautiful crystalline lens is formcd 
in the embryo by an accumulation of epidermic cells, lying in 
a sack-like fold of the skin ; and the vitreous body is formed 
from embryonic sub-cutaneous tissue. To arrive, however, 
at a just conclusion regarding the formation of the eye, wìth 
all its marvellous yet not absolutely perfect characters, it is 
indispensable that the reason should conquer the imagination; 
but I have felt the difficulty far too keenly to be surprised at 
others hesitating to extend the principle of natural selection 
to so startling a length. 

It is scarcely possible to avoid coinparing the eye with a 
telescope. \Ve know that this instrunient has been pcrfected 
by the long-continued efforts of the highest huinan intellccts; 
and we naturally infer that the cye has bccn forincd by a 
somewhat analogous process. But may not this infercnce be 
presumptuous ? Have we any right to assumc that the Cre- 
ator works by intellectual powers like those of man? If nnv 
must compare the eye to an optical instrument, wc ought in 
imagination to take a thick layer of transparent tissue, with 
spaces filled with fluid, and with a nerve sensitive to light be- 
neath, and then suppose every part of this laycr to be con- 
tinually changing slowly in density, so as to separate into 
layers of different densities and thickncsses, placed at differ- 
ent distances from each other, and wilh Uic surfaces of eacli 
G TTC XI 
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layer slowly changing in form. Further we must suppose 
that there is a power, represented by natural selection or the 
survival of the fittest, always intently watching each slight 
alteration in the transparent layers; and carefully preserving 
each which, under varied circumstances, in any way or in any 
degree, tends to produce a distincter image. We must sup- 
pose each new state of the instrument to be multiplied by the 
million; each to be preserved until a better one is produced, 
and then the old ones to be all destroyed. In living bodies, 
variation will cause the slight alterations, generation will mul- 
tiply them almost infinitely, and natural selection will pick 
out with unerring skill each improvement. Let this process 
go on for millions of years; and during each year on millions 
of individuals of many kinds ; and niay we not believe that a 
living optical instrument might thus be formed as superior 
to one of glass, as the works of the Creator are to those of 
man? 

MODES OF TRANSITION. 

If it could be demonstrated that any complex organ ex- 
isted, which could not possibly have been formed by numer- 
ous, successive, slight modifications, my theory would abso- 
lutely break down. But I can find out no such case. No 
doubt many organs exist of which we do not know the tran- 
sitional grades, more especially if we look to much-isolated 
species, round which, according to the theory, there has been 
much extinction. Or again, if we take an organ common to 
all the members of a class, for in this latter case the organ 
must have been originally formed at a remote period, since 
which all the niany members of the class have been developed; 
and in order to discover the early transitional grades through 
which the organ has passed, we should have to look to very 
ancient ancestral forms, long since become extinct. 

We should be extremely cautious in concluding that an 
organ could not have been formed by transitional gradations 
of some kind. Numerous cases could be given amongst the 
lower animals of the same organ performing at the same time 
wholly distinct functions; thus in the larva of the dragon-fly 
and in the fish Cobites the alimentary canal respires, digests, 
and excretes. In the Hydra, the animal may be turned in- 
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sìde out, and the exterior surface will thcn digest and tlir 
stomach respire. In such cases natural selection inight 
cialise, if any advantage werc thus gaiiied. the whole or part 
of an organ, which had previously performed two funotions, 
for one function alone, and thus by inscnsible stcps greatly 
change its nature. Many plants are known which rcgularly 
produce at the same time differently constructed flower>; and 
if such plants were to produce one kind alonc, a great change 
would be effected with comparative suddenness in the char- 
acter of the species. It ìs, howevcr, probable that thc two 
sorts of flowers borne by the same plant wcre originally dif- 
ferentiated by finely graduated steps, which may still bc 
followed in some few cases. 

Again, two distinct organs, or thc same organ iinder two 
very different forms, may simultaneously perfonn in the same 
individual the same functioii, and this is an extremcly im- 
portant means of transition: to give one instance,—there are 
fish with gills or branchiae that breathe the air dissolved in 
the water, at thc same time that thcy brcathe frec air in their 
swimbladders, this latter organ being divided by highly vas- 
cular partitions and having a ductus pneumaticus for the 
supply of air. To give another instance from the vegetablo 
kingdom; plants climb by three distinct means, by spirally 
twining, by clasping a support with their scnsitivc tcndrils, 
and by the emission of aèrial rootlets; these thrce means are 
usually found in distinct groups, but somc fcw species exhibit 
two of the means, or even all three, combined in the saine in- 
dividnal. In all such cases one of the two organs might 
readily be modified and perfected so as to pcrform all the 
work, being aided during the progress of modification by the 
other organ; and then this other organ might be inodifìed 
for some other and quite distinct purpose, or be wbolly 
obliterated. 

The illustration of the swimbladder in fishcs is a go<id onc. 
because it shows us clearly the highly iinportant fact tbat an 
organ originally constructed for one purposc, nanicly, Hota- 
tion, may be convertcd into one for a widcly dittcrcnt pur- 
pose, namely, respiration. The swimbladder has. also, bcen 
worked in as an accessory to thc anditory organs of ccrtain 
fishes. All physiologists admit that thc swimbladder is boinol- 
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ogous, or ^^ideally similar’' in positìon and structure with the 
lungs of the higher vertebrate animals: hence there is no 
reason to doubt that the swimbladder has actually been con- 
verted into lungs, or an organ used exclusively for respi- 
ration. 

According to this view it may be inferred that all verte- 
brate animals with true lungs are descended by ordinary gen- 
eration from an ancient and unknown prototype, which was 
furnished with a floating apparatus or swimbladder. We can 
thus, as I infer from Owen’s interesting description of these 
parts, understand the strange fact that every particle of food 
and drink which we swallow has to pass over the orifice o£ 
the trachea, with some risk of falling into the lungs, notwith- 
standing the beautiful contrivance by which the glottis is 
closed. In the higher Vertebrata the branchias have wholly 
disappeared—but in the embryo the slits on the sides of the 
neck and the loop-like course of the arteries still mark their 
former position. But it is conceivable that the now utterly 
lost branchiae might have been gradually worked in by nat- 
ural selection for some distinct purpose: for instance, Lan- 
dois has shown that the wings of insects are developed from 
the tracheas; it is therefore highly probable that in this great 
class organs which once served for respiration have been 
actually converted into organs for flight. 

In considering transitions of organs, it is so important to 
bear in mind the probability of conversion from one function 
to another, that I will give another instance. Pedunculated 
cirripedes have two minute folds of skin, called by me the 
ovigerous frena, which serve, through the means of a sticky 
secretion, to retain the eggs until they are hatched within the 
sack. These cirripedes have no branchiae, the whole surface 
of the body and of the sack, together with the small frena, 
serving for respiration. The Balanidae or sessile cirripedes, 
on the other hand, have no ovigerous frena, the eggs lying 
loose at the bottom of the sack, within the well-enclosed shell; 
but they have, in the same relative position with the frena, 
large, much-folded membranes, which freely communicate 
with the circulatory lacunae of the sack and body, and which 
have been considered by all naturalists to act as branchiae. 
Now I think no one will dispute that the ovigerous frena in 
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the one faniily arc strictly homologous with thc branchice of 
the other family; indccd, they graduatc into each other. 
Therefore it need not be doubtcd that thc two littlc folds <jf 
skin, whiclì originally served as ovigerous frcna, but which, 
likewise, very slightly aided in thc act of rcspiration, have 
been gradually converted by natural sclection into branchia.*, 
simply through an increase in their sizc and thc oblitcratìon 
of their adhesivc glands. If all pedunculatcd cirripedes had 
bccome extinct, and thcy havc suffcrcd far more extinction 
than have sessile cirripcdcs, who would ever have imagined 
that thc branchiaì in this latter family had originally existed 
as organs for preventing thc ova from being washcd out of 
the sack? 

Therc is another possible mode of transition, namely, 
through the acceleration or retardation of the period of re- 
production. This has lately been insistcd on by Prof. Copc 
and others in the United States. It is now known that some 
animals are capable of reproduction at a vcry early agc, be- 
fore they have acquired their perfect charactcrs; and if this 
power became thoroughly well developed in a spccies, it sceins 
probable that the adult stage of developmcnt would sooncr or 
later be lost; and in this casc, especially if thc larva differed 
much froin the mature form, the character o£ the spccìes 
would be greatly changed and degradcd. Again, not a few 
animals, after arriving at maturity, go on changing in char- 
acter during nearly their whole lives. With mammals, for 
instance, the form of thc skull is often much altercd with age, 
of which Dr. Murie has given some striking instances with 
seals; every one knows how the horns of slags bccome inore 
and more branched, and the plumcs of sonie birds bccoine 
more finely developed, as they grow older. Prof. Cope stales 
that the tecth of certain lizards change iniich in shape with 
advancing years; with crustaceans not only many trivial, but 
some important parts assume a new charactcr, as rccorded 
by Fritz Miiller, after maturity. In all such cases,—and 
many could be given,—if the age for rcproduction were re- 
tarded, the character of the species, at least in its adult state, 
would be modified ; nor is it improbable that the previous aiul 
earlicr stages of development would in soinc cases be hurricd 
through and finally lost. Whcther spccies have often or c\er 
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been modified through this comparatively sudden mode of 
transition, I can form no opinion; but if this has occurred, it 
is probable that the differences between the young and the 
mature, and between the mature and the old, were primor- 
dially acquired by graduated steps. 

SPECIAL DIFFICULTIES OF THE THEORY OF NATURAL SELECTION 

Although we must be extremely cautious in concluding that 
any organ could not have been produced by successive, small 
transitional gradations, yet undoubtedly serious cases of dif- 
ficulty occur. 

One of the most serious is that of neuter insects, which are 
often difìferently constructed from either the males or fertile 
females; but this case will be treated of in the next chapter. 
The electric organs of fishes offer another case of special 
difficulty; for it is impossible to conceive by what steps these 
wondrous organs have been produced. But this is not sur- 
prising, for we do not even know of what use they are. In 
the Gymnotus and Torpedo they no doubt serve as powerful 
nieans of defence, and perhaps for securing prey; yet in the 
Ray, as observed by IMatteucci, an analogous organ in the 
tail manifests but little electricity, even when the animal is 
greatly irritated; so little, that it can hardly be of any use 
for the above purposes. Moreover, in the Ray, besides the 
organ just referred to, there is, as Dr. R. M‘DonneIl has 
shown, another organ near the head, not known to be elec- 
trical, but which appears to be the real homologue of the 
electric battery in the Torpedo. It is generally admitted that 
there exists between these organs and ordinary muscle a close 
analogy, in intimate structure, in the distribution of the 
nerves, and in the manner in which they are acted on by 
various reagents. It should, also, be especially observed that 
muscular contraction is accompanied by an electrical dis- 
charge; and, as Dr. RadcIifìFe insists, '‘in the electrical ap- 
paratus of the torpedo during rest, there would seem to be a 
charge in every respect like that which is met with in muscle 
and nerve during rest, and the discharge of the torpedo, in- 
stead of being peculiar, may be only another form of the dis- 
charge which attends upon the action of muscle and 
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motor nervc/’ Bcyond this \vc cannot at present go in tlic 
\vay of explanation; but as \vc know so little aboiit thc iises 
of these organs, and as wc know nothing about the habits 
and structure of the progenitors of the cxisting clectric fishes, 
it would be extremcly bold to maintain that no serviceablc 
transitions are possible by which these organs might have 
been gradually dcveloped. 

These organs appear at first to offcr another and far more 
serious difficulty; for thcy occur in about a dozcn kinds of 
fish, of which several are widcly remote in thcir affinities. 
When the same organ is found in several mcmbers of the 
same class, especially if in membcrs having very different 
habits of life, \ve may generally attribute its prescncc to in- 
heritance from a common ancestor; and in its absencc in 
some of the members to loss through disuse or natural sclec- 
tion. So that, if the electric organs had been inhcritcd from 
some one ancient progcnitor, we might have expected that 
all electric fishes would have been specially rclated to each 
other; but this is far from the case. Nor does geology at all 
lead to the belief tliat most fishes formerly possesscd clectric 
organs, which their modified desccndants have now lost. But 
when we look at the subject more closely, \vc find in the sev- 
eral fishes provided with electric organs, that those are situ- 
ated in dift*erent parts of the body,—that thcy differ in con- 
struction, as in the arrangement of the plates, and, according 
to Pacini, in the process or means by which the electricity is 
excited—and lastly, in being supplied with nerves proceeding 
from dift'erent sources, and this is perhaps thc most important 
of all the differences. Hence in the sevcral fishes furnishcd 
with electric organs, these cannot be considered as homol- 
ogous, but only as analogous in function. Consequcntly thcrc 
is no reason to suppose tliat they have bcen inherited froiii a 
common progenitor; for had this been the case thcy would 
have closely resenibled each other in all respects. Thus tlic 
difficulty of an organ, apparently the same, arising in sevcral 
remotely allied spccies, disapi^ears, leaving only the lesscr yct 
still great difficulty; namcly, by what graduated steps thcse 
organs havc been developcd in cach separatc gronp of Iij>hcs. 

The luminous organs which occnr in a few insects. bcloiig- 
ing to widcly differcnt fainilies, and which arc situatcd in 
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different parts of the body, ofìfer, under our present state of 
ignorance, a difficulty almost exactly parallel with that of the 
electric organs. Other similar cases could be given; for in- 
stance in plants, the very curious contrivance of a mass of 
pollen-grains, borne on a foot-stalk with an adhesive gland, 
is apparently the same in Orchis and Asclepias,—genera al- 
most as remote as is possible amongst flowering plants; but 
here again the parts are not homologous. In all cases of be- 
ings, far removed froni each other in the scale of organisa- 
tion, which are fumished with similar and peculiar organs, 
it will be found that although the general appearance and 
function of the organs may be the same, yet fundamental dif- 
ferences between them can always be detected. For instance, 
the eyes of cephalopods or cuttle-fish and of vertebrate ani- 
mals appear wonderfully alike; and in such widely sundered 
groups no part of this resemblance can be due to inheritance 
from a common progenitor. Mr. Mivart has advanced this 
case as one of special difficulty, but I am unable to see the 
force of his argument. An organ for vision must be formed 
of transparent tissue, and must include some sort of lens for 
throwing an image at the back of a darkened chamber. Be- 
yond this superficial resemblance, there is hardly any real 
similarity between the eyes of cuttle-fish and vertebrates, as 
may be seen by consulting Hensen’s admirable memoir on 
these organs in the Cephalopoda. It is impossible for me 
here to enter on details, but I may specify a few of the points 
of difference. The crystalline lens in the higher cuttle-fish 
consists of two parts, placed one behind the other like two 
lenses, both having a very different structure and disposition 
to what occurs in the vertebrata. The retina is wholly dif- 
ferent, with an actual inversion of the elemental parts, and 
with a large nervous ganglion included within the mem- 
branes of the eye. The relations of the muscles are as dif- 
ferent as it is possible to conceive, and so in other points. 
Hence it is not a little difficult to decide how far even the 
same terms ought to be employed in describing the eyes of 
the Cephalopoda and Vertebrata. It is, of course, open to 
any one to deny that the eye in either case could have been 
developed through the natural selection of successive slight 
variations; but if this be admitted in the one case, it is clearly 
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possible in the other ; and fundainental diffcrcnccs of struc- 
turc in the visual organs of two groups might have becn an- 
ticipated, in accordance with this vicw of thcir manncr of 
formation. As two men have sometimcs indcpcndcntly hit 
on the same invention, so in the sevcral forcgoing cases it 
appears that natural selection, working for ihc good of cach 
being, and taking advantage of all favourable variations, has 
produced similar organs, as far as function is concerncd, in 
distinct organic beings, which owe none of their structure in 
common to inheritance from a common progenitor. 

Fritz jMùller, in order to test thc conclusions arrived at in 
this volume, has followed out with much care a ncarly similar 
line of argument. Sevcral families of cnistaceans include a 
few species, possessing an air-brcathing apparatus and fitted 
to live out of the water. In two of these families, which wcrc 
more especially examined by Alùllcr, and which are nearly 
related to each other, the species agree most closely in all 
important characters; namely in thcir scnse organs, circulat- 
ing system, in the position of the tufts of hair within their 
complex stomachs, and lastly in the whole structure of the 
water-breathing branchise, even to thc microscopical hooks by 
which they are cleansed. Hencc it might have been cxpected 
that in the few species belonging to both familie^ which live 
on the land, the equally-important air-breathing apparatus 
would have been the same; for why should this one apparatus, 
given for the samc purposc, havc bcen made to diffcr, whilst 
all the other important organs were closely similar or rather 
identical. 

Fritz Mùller argues that this close similarity in so many 
points of structurc must, in accordance with the views ad- 
vanced by me, be accounted for by inlicritancc from a com- 
mon progcnitor. But as that vast majority of the specics in 
the above two families, as well as most othcr crustaceans, 
are aquatic in their habits, it is iniprobable in the highest 
degree, that their common progenitor sliould have bccn 
adapted for brcatliing air. Mùllcr was tluis lcd carcfully to 
examine the apparatus in the air-brcathìng specics; aiul he 
found it to diffcr in each in scveral iinportant points, as in 
the position of thc orificcs, iii thc manncr in which thcy are 
opened and closcd, and in sonie accessory dctails. Now such 
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differences are intelligible, and might even have been ex- 
pected, on the supposition that species belonging to distinct 
families had slowly become adapted to live more and more 
out of water, and to breathe the air. For these species, from 
belonging to distinct families, would have differed to a cer- 
tain extent, and in accordance with the principle that the 
nature of each variation depends on two factors, viz., the 
nature of the organism and that of the surrounding condi- 
tions, their variability assuredly would not have been exactly 
the same. Consequently natural selection would have had 
different materials or variations to work on, in order to ar- 
rive at the same functional result; and the structures thus 
acquired would almost necessarily have differed. On the 
hypothesis of separate acts of creation the whole case re- 
mains unintelligible. This line of argument seems to have 
had great weight in leading Fritz Miiller to accept the views 
maintained by me in this volume. 

Another distinguished zoologist, the late Professor Clapa- 
rède, has argued in the same manner, and has arrived at 
Ihe same result. He shows that there are parasitic mites 
(Acaridse), belonging to distinct sub-families and families, 
which are furnished with hair-claspers. These organs must 
have been independently developed, as they could not have 
been inherited from a common progenitor; and in the several 
groups they are formed by the modifìcation of the fore-legs, 
— of the hind-legs,—of the maxillas or lips, — and of append- 
ages on the under side of the hind part of the body. 

In the foregoing cases, we see the same end gained and the 
same function performed, in beings not at all or only re- 
motely allied, by organs in appearance, though not in de- 
velopment, closely similar. On the other hand, it is a com- 
mon rule throughout nature that the same end should be 
gained, even sometimes in the case of closely-related beings, 
by the most diversified means. How differently constructed 
is the feathered wing of a bird and the membrane-covered 
wing of a bat; and still more so the four wings of a butter- 
fiy, the two wings of a fiy, and the two wings with the elytra 
of a beetle. Bivalve sheils are made to open and shut, but 
on what a number of patterns is the hinge constructed, —• 
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from the long row ot neatly iiUcrlockinG^ tcclh in a Xucnla 
to the siniple ligament of a ^Iiisscl! Sccds arc <1i- ^cminatcd 
by tlicir niinutcncss,—by thcir capsulc bcing con\Lrtcd int(» a 
light balloon-like envclopc,—by bcing cnibc Idcd in j)ulj) or 
flesh, formed of thc inost divcrse parts, and rcndercd mitri- 
tioiis, as wcll as conspicuously colourcd, so as to attract and 
be devourcd by birds,—by having houks and grapncls of 
niany kinds and serrated awns, so as to adiicrc to the fiir of 
quadrupeds,—and by bcing fiirnishcd witli wìngs and pluincs, 
as diffcrcnt in shape as they are elcgant in structure, so as to 
be wafted by every brceze, 1 will givc onc othcr instancc; 
for this subject of the samc end being gaincd by the inost 
cliversified mcans wcll deserves attcnticn. Soinc autlmrs 
maintain that organic beings havc bccn formcd in many ways 
for the sake of iiiere variety, almost Hkc tuys in a shop, but 
such a view of nature is incrediblc. WHlIi plants having 
separated sexes, and with those in which, though bcrmaphro- 
dites, the pollcn does not spontancously fall on thc stigma, 
some aid is necessary for their fcrtilisation. W'ith scvcral 
kinds this is effected by the pollcn-grains, which are light 
and incoherent, bcing blown by the wind thruugh mcrc cliance 
on to the stigma; and this is thc simplest plan which can 
well be eonceived. An almost equally simplc, though vcry 
different, plan occurs in many plants in which a symmctrical 
flower secrctes a few drops of ncctar, and is consequently 
visited by insects; and these carry thc pollcii from thc aiUhcrs 
to the stigma. 

From this simple stagc we may pass through an inex- 
haustible niimber of contrivanccs, all for thc same purpose 
and efìfected in essentially the same nianner, but entailing 
changcs in every part of thc flower. The ncctar may bc 
stored in variously shaped rcccptacles, with thc staniens and 
pistils modified in many ways, sometimcs forming trap likc 
contrivances, and somctimes capable of neally adapl -l inove- 
ments through irritability or elasticity. From s ich .strucuircs 
we may advance till \ve comc to snch a case < i extra trdinary 
adaptions as that latcly described by Dr. C'ruger in the 
Coryanthcs. This orchid has part of its l.dìJlnin or lowcr 
lip hollowcd out into a great buckel, iiito whicb drops of 
almost pure watcr continually fall froni iwo stcrvting liorns 
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which stand above it; aiid when the bucket is half full, the 
water overflows by a spout on one side. The basal part of 
the labellum stands over the bucket, and is itself hollowed 
out into a sort of chamber with two lateral entrances; with- 
in this chamber there are curious fleshy ridges. The most 
ingenious nian, if he had not witnessed what takes place, 
could never have imagined what purpose all these parts serve. 
But Dr. Cruger saw crowds of large humble-bees visiting the 
gigantic flowers of this orchid, not in order to suck nectar, 
but to gnaw ofìf the ridges within the chamber above the 
bucket; in doing this they frequently pushed each other into 
Ihe bucket, and their wings being thus wetted they could not 
fly away, but were compelled to crawl out through the pas- 
sage formed by the spout or overflow. Dr. Criiger saw a 
“continual procession” of bees thus crawling out of their 
involuntary bath. The passage is narrow, and is roofed over 
by the column, so that a bee, in forcing its way out, first rubs 
its back against the viscid stigma and then agaìnst the viscid 
glands of the pollen-masses. The pollen-masses are thus 
glued to the back of the bee which first happens to crawl out 
through the passage of a lately expanded flower, and are 
thus carried away. Dr. Criiger sent me a flower in spirits of 
wine, with a bee which he had killed before it had quite 
crawled out with a pollen-mass still fastened to its back. 
When the bee, thus provided, flies to another flower, or to 
the same flower a second time, and is pushed by its comrades 
into the bucket and then crawls out by the passage, the 
pollen-mass necessarily comes first into contact with the 
viscid stigma, and adheres to it, and the flower is fertilised. 
Now at last we see the full use of every part of the flower, 
of the water-secreting horns, of the bucket half full of water, 
which prevcnts the bees from flying away, and forces them 
to crawl out through the spout, and rub against the properly 
placed viscid pollen-masses and the viscid stigma. 

The construction of the flower in another closely allied 
orchid, namely the Catasetum, is widely different, though 
serving the same end; and is equally curious. Bees visit 
these fìowers, like those of the Coryanthes, in order to gnaw 
the labellum; in doing this they inevitably touch a long, 
tapering, sensitive projection, or, as I have called it, the 
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antenna. This antenna, wlieii touched, transmils a sensation 
or vibration to a certain incnibrane which is instantly rup- 
tured; this sets trec a spring by which the pollcn-mass is shot 
forth, like an arrow, in the right direction, and adhercs by 
its viscid extremity to the back of the bee. The pollen-mass 
of the male plant (for the scxes arc scparate in this orchid) 
is thus carricd to thc llowcr of the fcmale plant, wherc it is 
brought into contact with the stigma, wdiicli is viscid enough 
to break certain elastic threads, and retaining thc pollcn, 
fertilisation is cffectcd. 

How, it may bc askcd, in thc forcgoing and in innumer- 
able other instances, can w’e understand thc graduated scale of 
complexity and the multifarious means for gaining the same 
end. The answer no doubt is, as already remarked, that wdien 
two forms vary, which already differ from each other in some 
slight degrec, the variability will not be of the same exact 
naiurc, and consequently the results obtained through natural 
selection for the same general purpose will not be thc same. 
We should also bear in mind that evcry highly developed 
organism has passed through many changcs; aiid that each 
modified structure tends to be inlieritcd, so that cach modifi- 
cation will not readily be qiiite lost, but may bc again and 
again further altered. Hencc the structure of each part of 
each species, for whatcver purpose it may scrve, is thc sum 
of many inherited changes, through which the species has 
passed during its successive adaptations to changed habits 
and conditions of life. 

Finally then, although in many cases it is most difficult 
even to conjecture by what transitions organs have arrivcd 
at thcir present statc; yet, considering how^ small the propor- 
tion of living and known forms is to the extinct and un- 
knowm, I have been astonishcd how^ rarely an organ can be 
named, towards which no transitional gradc is know’ii to lcad. 
It certainly is true, that new' organs appearing as if crcatcd 
for somc special purpose, rarely or never appear in any 
being;—as indced is showm by that old, but somcwhat exag- 
gerated, canon in natural history of “Xatura non facit sal- 
tum.” VVe mect wdth this admission in the wTÌtings of alniost 
every experienced naturalist; or as Milne Edwards has wcll 
cxpressed it, Nature is prodigal in varicty, but niggard in 
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Ìnnovation. Why, on the theory of Creation, should there 
be so much variety and so little real novelty? Why should 
all the parts and organs of many independent beings, each 
supposed to have been separately created for its proper place 
in nature, be so commonly linked together by graduated 
steps? Why should not Nature take a sudden leap from 
structure to structure? On the theory of natural selection, 
we can clearly understand why she should not; for natural 
selection acts only by taking advantage of slight successive 
variations; she can never take a great and sudden leap, but 
must advance by short and sure, though slow steps. 

ORGANS OF LITTLE APPARENT IMPORTANCE, AS AFFECTED 
BY NATURAL SELECTION 

As natural selection acts by life and death, — by the sur- 
vival of the fittest, and by the destruction of the less well- 
fitted individuals,—I have sometimes felt great difficulty in 
understanding the origin or formation of parts of little im- 
portance; almost as great, though of a very different kind, 
as in the case of the most perfect and complex organs. 

In the first place, we are much too ignorant in regard to 
the whole economy of any one organic being, to say what 
slight modifications would be of importance or not. In a 
former chapter I have given instances of very trifling char- 
acters, such as the down on fruit and the colour of its flesh, 
the colour of the skin and hair of quadrupeds, which, from 
being correlated with constitutional differences or from de- 
termining the attacks of insects, niight assuredly be acted on 
by natural selection. The tail of the giraffe looks like an 
artificially constructed fly-flapper; and it seems at first in- 
credible that this could have been adapted for its present 
purpose by successive slight modifications, each better and 
better fitted, for so trifling an object as to drive away flies; 
yet we should pause before being too positive even in this 
case, for we know that the distribution and existence of 
cattle and other animals in South America absolutely depend 
on their power of resisting the attacks of insects: so that 
individuals which could by any means defend themselves 
from these small enemies, would be able to range into new 
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pastures and thus gain a great advantage. It ìs not lii«t tiie 
larger quadrupeds arc actually destroycd (exccpt iii soine 
rare cases) by fìies, but thcy arc inccssantly harasvcd and 
their strcngth rediiccd, so that thcy are morc siibjcct to 
disease, or not so well enablcd in a coming dcarth to search 
for food, or to escape from bcasts of prey. 

Organs now of trifling iniportancc have probably in sr»me 
cases been of high importance to an early progcnitor, and, 
after having been slowly pcrfcctLd at a formcr pcriod, have 
bcen transmitted to existing spccics in ncarly tÌK' samc datc, 
although now of very slight iise; but any actuaily injurious 
deviations in thcir structnre wonld of coursc havc becn 
checked by natural selectiou. Sccing how important an 
organ of locomotion the tail is in most aquatic animals. its 
general presence and use for many purp(»scs in so many land 
animals, which in their lungs or modified swimbladdcrs be- 
tray thcir aquatic origìn, may pcrhaps bc thus accounted 
for. A well-developed tail having bccn formcd in an aqiiatic 
animal, it might subsequcntly come to be worked in for all 
sorts of purposes,—as a fiy-flappcr, an organ of prchension, 
or as an aid in turning, as in the casc of thc dog, though the 
aid in this latter respcct must be slight, for thc harc, with 
hardly any tail, can double still more quickly. 

In the second placc, we may casily crr in attributing im- 
portance to charactcrs, and in bclicving that they have bcen 
developed through natiiral sclection. \Vc must by no mcans 
overlook the effects of the defìnite action of changcd condi- 
tions of life,—of so-called spontaneons variations, which 
seem to depend in a quite subordinatc dcgree on thc natnrc 
of the conditions,—of thc tendcncy to rcvcrsion to long-lost 
characters,—of the complcx laws of growth, such as of cor- 
relation, compcnsation, of the prcssurc of onc part on an- 
other, etc.,—and finally of scxual selcction. by whicli cliarac- 
ters of use to one sex are often gaincd an 1 thcn transinittcd 
more or less perfectly to the othcr scx. tlionL,h (^f iio iisc 
to this sex. But structures tluis indircctly g?iu'Ml. allhough 
at first of no advantage to a spccies, inay sub-'Ciju Milly havc 
been taken advantage of by its modifi(.<l dcscciulants. nnder 
ncw conditions of life and newly ac(]uìrc 1 habils. 

If grecn woodpeckers alonc had existcd, and wc did not 
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know that there were many black and pied kinds, I dare say 
that we should have thought that the green colour was a 
beautiful adaptation to conceal this tree-frequenting bird 
from its enemies; and consequently that it was a character 
of importance, and had been acquired through natural selec- 
tion; as it is, the colour is probably in chief part due to 
sexual selection. A trailing palm in the Malay Archipelago 
climbs the loftiest trees by the aid of exquisitely constructed 
hooks clustered around the ends of the branches, and this 
contrivance, no doubt, is of the highest service to the plant; 
but as we see nearly similar hooks on many trees which are 
not climbers, and which, as there is reason to believe froni 
the distribution of the thorn-bearing species in Africa and 
South America, serve as a defence against browsing quadru- 
peds, so the spikes on the palm may at fìrst have been de- 
veloped for this object, and subsequently have been improved 
and taken advantage of by the plant, as it underwent further 
modification and became a climber. The naked skin on the 
head of a vulture is generally considered as a direct adapta- 
tion for wallowiiig in putridity; and so it may be, or it may 
possibly be due to the direct action of putrid matter; but we 
should be very cautious in drawing any such inference, when 
we see that the skin on the head of the clean-feeding male 
Turkey is likewise naked. The sutures in the skulls of young 
mammals have been advanced as a beautiful adaptation for 
aiding parturition, and no doubt they facilitate, or may be 
indispensable for this act; but as sutures occur in the skulls 
of young birds and reptiles, which have only to escape from 
a broken egg, we may infer that this structure has arisen 
from the laws of growth, and has been taken advantage of in 
the parturition of the higher animals. 

We are profoundly ignorant of the cause of each slight 
variation or individual difference; and we are immediately 
made conscious of this by reflecting on the differences be- 
tween the breeds of our domesticated animals in different 
countries,—more especially in the less civiHsed countries 
where there has been but little methodical selection. Animals 
kept by savages in different countries often have to struggle 
for their own subsistence, and are exposed to a certain extent 
to natural selection, and individuals with slightly different 
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constitutions would succccd bcst undcr difTercnt climates. 
Witlì cattle susceptihility to thc attacks of flies is correlatcd 
with colour, as is the Hability to bc poisoncd by certain 
plants; so that cvcn colour would bc thus subjcctcd to ihe 
action of natural selection. Some observers arc convinccd 
that a damp climate affects thc growth of the hair, and that 
with the hair the horns arc correlated. ^Mountain breeds al- 
ways differ from lowland breeds; and a mountainous country 
would probably affect thc hind limbs from cxercising them 
more, and possibly cven thc form of thc pelvis; and thcn 
by the law of homologous variation, the front limbs and the 
head would probably be affccted. Thc shape, also, of the 
pelvis might affcct by prcssurc the shape of certain parts of 
the young in the womb. The laborious breathing nccessary 
in high regions tends, as we have good reason to believe, 
to increase the size of the chest; and again correlation 
would come into play. The effccts of Icssened exercise to- 
gether with abundant food on thc whole organisation is 
probably still more important; and this, as H. von Xathusius 
has lately shown in his excellent Trcatise, is apparently onc 
chief cause of the great modification which the breed of 
swine have undergone. But we are far too ignorant to specw- 
late on the relative importance of the several kno\\Ti and un- 
known causes of varìation; and I have made thcse remarks 
only to show that, if we are unable to account for the char- 
acteristic differences of our several domestic brccds, which 
nevertheless are gencrally admìttcd to have arisen through 
ordinary generation from one or a few parent-stocks. we 
ought not to lay too much stress on our ignorancc of the pre- 
cise cause of thc slight analogous differcnccs bctwecn truc 
species. 

UTILITARIAN DOCTRINE, IIOW FAR TRUE: BEAUTY, IIOW 
ACQUIRED 

The foregoing rcmarks lcad me to say a fcw words on thc 
protest lately madc by somc natiiralists, against thc utilitarian 
doctrine that every dctail of structure Iias bccn prodiiccd for 
the good of its possessor. They belicvc tliat iiiany structnrcs 
have bcen crcatcd for thc sakc of beauty, to dclight man or 
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the Creator (but this latter point is beyond the scope of 
scientific discussion), or for the sake of mere variety, a view 
already discussed. Such doctrines, if true, would be abso- 
lutely fatal to my theory. I fully admit that many structures 
are now of no direct use to their possessors, and may never 
have been of any use to their progenitors; but this does not 
prove that they were formed solely for beauty or variety. 
No doubt the definite action of changed conditions, and the 
various causes of modifications, lately specified, have all 
produced an effect, probably a great effect, independently of 
any advantage thus gained. But a still more important con- 
sideration is that the chief part of the organisation of every 
living creature is due to inheritance; and consequently, 
though each being assuredly is well fitted for its place in 
nature, many structures have now no very close and direct 
relation to present habits of life. Thus, we can hardly be- 
lieve that the webbed feet of the upland goose or of the 
frigate-bird are of special use to these birds; we cannot bc' 
lieve that the similar bones in the arm of the monkey, in the 
fore-Ieg of the horse, in the wing of the bat, and in the 
flipper of the seal, are of special use to these animals. We 
may safely attribute these structures to inheritance. But 
webbed feet no doubt were as useful to the progenitor of 
the upland goose and of the frigate-bird, as they now are to 
the most aquatic of living birds. So we may believe that the 
progenitor of the seal did not possess a flipper, but a foot 
with five toes fitted for walking or grasping; and we may 
further venture to believe that the several bones in the limbs 
of the monkey, horse, aiid bat, were originally developed, 
on the principle of utility, probably through the reduction of 
more ♦numerous bones in the fin of some ancìent fish-Iike 
progenitor of the whole class. It is scarcely possible to de- 
cide how much allowance ought to be made for such causes 
of change, as the definite actìon of external conditions, so- 
called spontaneous variations, and the complex laws of 
growth; but with these important exceptions, we may con- 
clude that the structure of every living creature either now 
is, or was formerly, of som.e direct or indirect use to its 
possessor. 

With respect to the belief that organic beings have been 


UTILITARIAN DOCTRINE 


211 


crcated beautiful for thc deli^ht of man,—a bclief which it 
has been pronounced is subversive of my wholc theory,^—[ 
may first remark that the sense of beauty obviously depends 
on the nature of the mind, irrespective of any real quality 
in the admired object; and that the idea of what is beautifwl, 
is not innate or unaltcrable. \Ve sec this, for instance, in 
the men of dilYcrent races admiring an cntirely differcnt 
standard of beauty in their women. If beautiful objects had 
been created solcly for man’s gratification, it ought to be 
shown that before man appcared, there was lcss beauty on 
the face of the earth than since he camc on the stage. Wcre 
the beautiful volute and eone shells of the Eocenc epoch, and 
the gracefully sculpturcd ammonites of the Secondary period, 
created that man might ages afterwards admirc them in his 
cabinet? Few objects arc more beautiful than the miinite 
siliceous cases of the diatomaceae: were these created that 
they might bc examined and admircd under the higher 
powers of the microscope? The beauty in this latter case, 
and in many otliers, is apparently wholly duc to symmctry of 
growth. Flowers rank amongst the most beautiful produc- 
tions of nature; but they havc been rendcred conspfcuous in 
contact with the green lcavcs, and in conscquence at the 
same time beautiful, so that they may be easily obscrved by 
insects. I have comc to this conclusion from finding it an 
invariable rule that when a fiower is fertilised by the wind 
it never has a gaily-coloured corolla. Sevcral plants liabitu- 
ally produce two kinds of flowers; one kind open and col- 
oured so as to attract insects; the other closcd, not coloured, 
destitutc of nectar, and never visitcd by insects. Hence we 
may condude that, if insccts had not been dcvcloped on the 
face of the eartli, our plants would not have bcen deckcd \sitli 
bcautiful flowers, but would havc produccd only siich poor 
fiowers as we see on our fir, oak, nut and ash trcc>, on 
grasscs, spinach, docks, and nettles, which are all fcrtilisctl 
through thc agencv of the wind. A siniilar linc of arginncnt 
holds'^good with 'fruits; that a ripc strawbcrry or chcrry 
is as pleasing to the eyc as to the palatc—tliat thc gciilN- 
coloured fruit of the spindle-wood trec and thc scarlct bcr- 
ries of the holly are beautiful objccts—will bc admittcd by 
evcry onc. Biit this bcauty scrvcs nicrcly as a guidc to birds 
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and beasts, in order that the fruit may be devoured and the 
manured seeds disseminated: I infer that this is the case 
from having as yet found no exception to the rule that seeds 
are always thus disseminated when embedded within a fruit 
of any kind (that is within a fleshy or pulpy envelope), if it 
be coloured of any brilliant tint, or rendered conspicuous by 
being white or black. 

On the other hand, I willingly admit that a great number 
of male animals, as all our most gorgeous birds, some fishes, 
reptiles, and mammals, and a host of magnificently coloured 
butterfìies, have been rendered beautiful for beauty's sake; 
but this has been effected through sexual selection, that is, by 
the more beautiful males having been continually preferred 
by the females, and not for the delight of man. So it is with 
the music of birds. We may infer from all this that a nearly 
similar taste for beautiful colours and for musical sounds 
runs through a large part of the animal kingdom. When 
the female is as beautifully coloured as the male, which is 
not rarely the case with birds and butterfìies, the cause ap- 
parently lies in the colours acquired through sexual selection 
liaving been transmitted to both sexes, instead of to the 
males alone. How the sense of beauty in its simplest form— 
that is, the reception of a peculiar kind of pleasure from 
certain colours, forms, and sounds—was first developed in 
the mind of man and of the lower animals, is a very obscure 
subject. The same sort of difficulty is presented, if we en- 
quire how it is that certain fìavours and odours give pleasure, 
and others displcasiire. Habit in all these cases appears to 
have come to a certain extent into play; but there must be 
some fundamental cause in the constitution of the nervous 
system in each species. 

Natural selection cannot possibly produce any modifica- 
tion in a species exclusively for the good of another species; 
though throughout nature one species incessantly takes ad- 
vantage of, and profits by, the structures of others. But 
natural selection can and does often produce structures for 
the direct injury of other animals, as we see in the fang of 
the adder, and in the ovipositor of the ichneumon, by which 
its eggs are deposited in the living bodies of other insects. 
If it could be proved that any part of the structure of any 
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one species had bcen formed for thc exchisivc good of an- 
other specics, it would annihilate my theory, for such coiild 
not have bcen produced through natural selection. Ahhotigh 
many statements may be found in works on natural history 
to this efìfcct, I cannot find evcn onc which secnis to me of 
any wcight. It is admittcd that the rattlesnake has a poison- 
fang for its own defencc, and for thc dcstruction of its prey; 
but somc authors suppose that at thc same time it is furnished 
with a rattle for its own injury, namely, to warn its prey. 
I would almost as soon belicve that the cat curls tlie end 
of its tail whcn preparing to spring, in order to warn thc 
doomed mouse. It is a much more probable view that the 
rattlesnake uses its rattlc, the cobra expands its frill, and 
the puff-adder swells whilst hissing so loudly and harshly, 
in order to alarm the many birds and beasts which are known 
to attack evcn the most venomous species. Snakes act on the 
same principle which makes thc hen ruffle her feathers and 
expand her wings when a dog approaches her chickens; but 
I have not space here to cnlargc on the many ways by which 
animals endeavour to frightcn away their enemies. 

Natural selection will never produce in a being any struc- 
ture more injurious than beneficial to that being, for natural 
selection acts solcly by and for the good of each. No organ 
will be formed, as Paley has remarked, for the purpose of 
causing pain or for doing an injury to its possessor. If a fair 
balance be struck between the good and cvil caused by cach 
part, each will be found on the wholc advantageoiis. After 
the lapsc of time, undcr changing conditions of life, if any 
part comes to be injurious, it will be modificd; or if it bc not 
so, the being will become cxtinct as myriads have bccome 
extinct. 

Natural selection tends only to makc cach organic being 
as perfect as, or slightly more perfect than, Ihc othor inhabi- 
tants of the samc country with which it comes into compcti- 
tion. And we sce that this is the standard of pcrfcction 
attaìncd undcr nature. The cndemic productions of New Zea- 
land, for instance, are perfcct one comparcd with another; 
but they arc now rapidly yiclding before thc advancing le- 
gions of plants and animals introduccd troin h.urope. Natural 
selectìon will not produce absolutc perfcction, nor do wc 
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always meet, as far as we can jiidge, with this high standard 
under nature. The correction for the aberration of light 
is said by Mùller not to be perfect even in that most perfect 
organ, the human eye. Helmholtz, whose judgm.ent no one 
will dispute, after describing in the strongest terms the won- 
derful power of the human eye, adds these remarkable 
words: “That which we have discovered in the way of in- 
exactness and imperfection in the optical machine and in 
the image on the retina, is as nothing in comparison with 
the incongruities which we have just come across in the 
domain of the sensations. One might say that natiire has 
taken delight in accumulating contradictions in order to re- 
move all foundations from the theory of a pre-existing har- 
mony between the external and internal worlds.” If our 
reason leads us to admire with enthusiasm a multitude of 
inimitable contrivances in nature, this same reason tells us, 
though we may easily err on both sides, that some other con- 
trivances are less perfect. Can we consider the sting of the 
bee as perfect, which, when used against inany kinds of 
enemies, cannot be withdrawn, owing to the backward serra- 
tures, and thus inevitably causes the death of the insect by 
tearing out its viscera? 

If we look at the sting of the bee, as having existed Ìn a 
remote progenitor, as a boring and serrated instrument, like 
that in so many members of the same great order, and that 
it has since been modified, but not perfected for its present 
purpose, with the poison originally adapted for some other 
object, such as to produce galls, since intensified, we can per- 
haps understand how it is that the use of the sting should so 
often cause the insecFs own death: for if on the whole the 
power of stinging be useful to the social community, it will 
fulfil all the requirements of natural selection, though it 
may cause the death of some few members. If we admire 
the truly wonderful power of scent by which the males of 
many insects find their females, can we admire the produc- 
tion for this single purpose of thousands of drones, which 
are utterly useless to the community for any other purpose, 
and which are ultimately slaughtered by their industrious and 
sterile sisters? It may be difficnlt, but we ought to admire 
the savage instinctive hatred of the queen-bee, which urges 
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her to destroy the yoiinpf queens, licr daughtcrs, as soon as 
thcy are born, or to perisli hcrsclf in the combat * for un- 
douhtedly this is for the good of the community; and niater- 
nal love or maternal hatred, though thc lattcr fortuitatoly is 
most rare, is all the same to the inexorable principle of 
natural selection. If we admirc the several ingenious contri- 
vances, by which orchids and many otlier plants are fertilised 
through insect agency, can we consider as equally pcrfcct 
the elaboration o£ dense clouds of pollen by our fir-trces, so 
that a few granules may be wafted by chance on to the ovules? 

summary: the law of unity of tyfe and of tiie 

CONDITIONS OF EXISTENCE EMBRACED BY TIIE 
THEORY OF NATURAL SELECTION 

We have in this chapter discussed some of the difficulties 
and objections vvhich may be urged against the theory. 
Many of them are serious; but I think that in the discussion 
light has been thrown on several facts, which on the belief 
of indepcndent acts of creation arc utterly obscure. We have 
seen that species at any one period are not indcfinitcly vari- 
able, and are not linked together by a multitude of interme- 
diate gradations, partly because the process of natural selec- 
tion is always v^ery slow, and at any one time acts only on a 
few forms; and partly because the v^ry process of natural 
selection implies the continual supplanting and extinclion 
of preceding and intermediate gradations. Closcly allied 
species, now living on a continuous area, must often have 
been formed when the area was not continuous, and whcn thc 
conditions of life did not insensibly graduate away from onc 
part to another. When two varicties are formed in two dis- 
tricts of a continuous area, an intcrmediate varicty will oftcn 
be formed, fitted for an intermediate zone: but from 
reasons assigncd, the intermcdiate variety will usually cxìst 
in lesser numbers than the two forms which it connects: con- 
sequently the two latter, during the coursc of furlher modi- 
fication, from existing in greatcr numbers. will have a great 
advantage ovcr the less numerous intermediate variety, aiid 
will thus generally succeed in supjdanting and cxternii- 
nating it. 
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We have seen in this chapter how cautious we should be 
in concluding that the most different habits of life could not 
graduate into each other; that a bat, for instance, could not 
have been formed by natural selection from an animal which 
at first only glided through the air. 

We have seen that a species under new conditions of life 
may change its habits; or it may have diversified habits, with 
some very unJike those of its nearest congeners. Hence we 
can understand, bearing in mind that each organic being is 
trying to live wherever it can live, how it has arisen that 
there are upland geese with webbed feet, ground woodpeck- 
ers, diving thrushes, and petrels with the habits of auks. 

Although the belief that an organ so perfect as the eve 
could have been formed by natural selection, is enough to 
stagger any one; yet in the case of any organ, if we know of 
a long series of gradations in complexity, each good for its 
possessor, then, under changing conditions of life, there is 
no logical impossibility in the acquirement of any conceivable 
degree of perfection through natural selection. In the cases 
in which we know of no intermediate or transitional states, 
we shouid be extremely cautious in concluding that none can 
have existed, for the metamorphoses of many organs show 
what wonderful changes in function are at least possible. 
For instance, a swimbladder has apparently been converted 
into an air-breathing lung. The same organ having per- 
formed simultaneously very different functions, and then 
having been in part or in whole specialised for one function; 
and two distinct organs having performed at the same time 
the same function, the one having been perfected whilst aided 
by the other. must often have largely facilitated transitions. 

We have seen that in Uvo beings widely remote from each 
other in the natural scale, organs serving for the same pur- 
pose and in external appearance closely similar may have 
been separately and independently formed: but when such 
organs are dosely examined, essential differences in their 
structure can almost always be detected; and this naturally 
follows from the principle of natural selection. On the 
other hand, the common rule throughout nature is infinite 
diversity of structure for gaining the same end; and this 
again naturally follows from the same great principle. 
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Tn many cases we are far too ignorant to be enabled to 
assert that a part or organ is so unimportant for Ihe wclfare 
of a species, that modifìcations in its structure could not 
have becn slowly accumulated by means of natural selection. 
In many other cases, modifications are probably the direct 
result of the laws of variation or of growth, indcpendently 
of any good having been thus gained. But even such struc- 
tures have often, as we may feel assured, been subsequently 
taken advantage of, and still further modified, for the good 
of species under new conditions of life. We may, also, be- 
Heve that a part formerly of high importance has frequently 
been retained (as the tail of an aquatic animal by its tcrrcs- 
trial descendants), though it has become of such small im- 
portance that it could not, in its present state, have been 
acquired by means of natural sclection. 

Natural selection can produce nothing in one species for 
the exclusive good or injury of anothcr; though it may well 
produce parts, organs, and excretions higlily useful or even 
indispensable, or again highly injurious to anothcr spccies, 
but in all cases at the same time useful to the possessor. In 
each well-stocked country natural selection acts through the 
competition of the inhabitants, and conscquently leads to suc- 
cess in the battle for life, only in accordance with the 
standard of tliat particular country. Ilence thc inhabitants 
of one country, generally the smaller one, often yicld to the 
inhabitants of another and gcnerally the larger country. 
For in the larger country there will have cxistcd more indi- 
viduals and more diversified forms, and the competition will 
have been severer, and thus the standard of perfection will 
have been rendered higher. Natural selection will not ncces- 
sarily lead to absolute perfection; nor, as far as we can judge 
by our limited faculties, can absolute perfcction be every- 
where predicated. 

On the theory of natural selection wc can clcarly under- 
stand the full meaning of tliat old canon in natural history, 
“Natura non facit saltum.’" This canon, if we look to the 
present inliabitants alone of thc world, is not strictly cor- 
rect; but if we include all those of past times, whcther known 
or unknown, it must on this theory be strictly triic. 

It is generally acknowledged that all organic beings havc 
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been formed on two great laws—Unity of Type, and the 
Conditions of Existence. By unity of type is meant that 
fundamental agreement in structure which we see in organic 
beings of the same class, and which is quite independent of 
their habits of life. On my theory, unity of type is explained 
by unity of descent. The expression of conditions of exist- 
ence, so often insisted on by the illustrious Cuvier, is fully 
embraced by the principle of natural selection. For natural 
selection acts by either now adapting the varying parts of 
each being to its organic and inorganic conditions of life; 
or by having adapted them during past periods of time: the 
adaptations being aided in many cases by the increased use 
or disuse of parts, being affected by the direct action of thc 
external conditions of life, and subjected in all cases to the 
several laws of growth and variation. Hence, in fact, the 
law of the Conditions of Existence is the higher law; as it 
includes, through the inheritance of former variations and 
adaptations, that of Unity of Type. 


CHAPTER Vri 

Miscellaneous Objections to tiie Tiieory of Xatural 
Selection 

Longevity—Alodifications not necessarily simultaneous—Modifications 
apparenlly of no direct servicc—Progressive developmcnt— 
Characters of small functional importance, the most constant— 
Supposcd incompetence of natural sclection to account for the 
incipient stages of useful •structurcs—Causes whicli interfcre with 
the acquisition through natural sclection of uscful structurcs— 
Gradations of structure with changed functions—Widely diffcrent 
organs in members of the same class, developed from one and 
the same source —Reasons for disbelieving in great and abrupt 
modifications. 

WTLL devote this chapter to the consideration of various 



mis.cellaneous obj'ections which have been advanced 


against my views, as some of the previous discus- 
sions may thus be made clcarer; but it would bc uscless 
to discuss all of thcm, as many have bccn madc by writcrs 
who have not taken the trouble to understand the subject. 
Thus a distinguished German naturalist has asserted that 
the weakest part of my theory is, that I considcr all organic 
beings as impcrfect: what I have really said is, that all arc 
not as perfcct as they might have becn in relatìon to tlicir 
conditions; and this is shown to be the case by so many 
native forms in many quarters of thc world having yicldcd 
their places to intruding forcigners. Xor can organic bcings, 
even if they were at any one time pcrfectly adapted in tlicir 
conditions of life, have remained so, whcn thcir coiuhtions 
changed, unless they themselves likewisc changed; aiid no 
one will dispute that the physical conditions of cach C( iiiitry. 
as well as the numbers and kinds of ils inhalutants, liave 
iindergone many mutations. 

A critic has lately insisted, with some paradc of inathe- 
matical accuracy, that longevity is a grcat advantagc to all 
species, so that he who bclicvcs in natural bclection iiui>t 
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arrange hìs genealogìcal tree” in such a manner that all the 
descendants have longer lives than their progenitors! Can- 
not our critic conceive that a biennial plant or one of the 
lower animals might range into a cold climate and perish 
there every winter; and yet, owing to advantages gained 
through natural selection, survive from year to year, by 
means of its seeds or ova? Mr. E. Ray Lankester has re- 
cently discussed this subject, and he concludes, as far as its 
extreme complexity allows him to form a judgment, that 
longevity is generally related to the standard of each species 
in the scale of organisation, as well as to the amount of ex- 
penditure in reproduction and in general activity. And tliese 
conditions have, ìt is probable, been largely determined 
through natural selection. 

It has been argued that, as none of the animals and plants 
of Egypt, of which we know anything, have changed during 
the last three or four thousand years, so probably have none 
in any part of the world. But, as Mr. G. H. Lewes has re- 
marked, this line of argument proves too much, for the 
ancient domestic races figured on the Egyptian monuments, 
or embalmed, are closely similar or even identical with those 
now living; yet all naturalists admit that such races have 
been produced through the modification of their original 
types. The many animals which have remained unchanged 
since the commencement of the glacial period, would have 
been an incomparably stronger case, for these have been 
exposed to great changes of climate and have migrated over 
great distances; whereas, in Egypt, during the last several 
thousand years, the conditions of life, as far as we know, have 
remained absolutely uniform. The fact of little or no modifi- 
cation having been effected since the glacial period would have 
been of some avail against those who belìeve in an innate and 
necessary law of development, but is powerless against the 
doctrine of natural selection or the survival of the fittest, 
which implies that when variations or individual dififerences 
of a beneficial nature happen to arise, these will be preserved; 
but this will be efifected only under certain favourable cir- 
cumstances. 

The celebrated palaeontologist, Bronn, at the close of hia 
German translation of this work, asks, how, on the principle 
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of natural selection, can a variety live side by side with the 
parent species? If both have becoine fitted £or slightly dif- 
ferent habits of life or conditions. they might live logether; 
and if we lay on one side polymofphic species, in whicli the 
variability seems to be of a peculiar nature, and all iiiere 
temporary variations, sueh as size, albinism, &c., the more 
permanent varieties are generally found, as far as I can 
discover, inhabiting distinct stations, — such as high land or 
low land, dry or moist districts. IMoreover, in the case of 
animals which wander much aboiit and cross freely, their 
varieties seem to be generally confined to distinct regions. 

Bronn also insists that distinct speciès never differ from 
each other in single characters, but in many parts; and he 
asks, how it always comes that many parts o£ the organisa- 
tion should have been modified at the same time through 
variation and natural selection? But there is no necessity 
for supposing that all the parts of any being have been 
simultaneously modified. The inost striking modìfications, 
excellently adapted for some purpose, might, as was formerly 
remarked, be acquired by successive variations, if slight, 
fìrst in one part and then in another; and as they would be 
transmitted all together, they would appear to us as if they 
had been simultaneously developed. The best answer, how- 
ever, to the above objection is afforded by those domestic 
races which have been modified, chiefly through man’s power 
of selection, for some special purpose. Look at the race 
and dray horse, or at the grey-hound and mastifT. Their 
whole frames and even their mental characteristics have been 
modified; but if we could trace each step in the history of 
their transformation,—and the latter steps ean be traced, 
we should not see great and siinultaneous ehanges. but first 
one part and then another slightly modified and improvcd. 
Even when seleetion has beeii applied by man to some one 
character alone,—of which our cultivated plants offer the 
best instances,—it will invariably be foimd that althoiigh 
this one part, whether it be the flower, fruit. or leaves, has 
been greatly changed, almost all the otlier parts have been 
slightly modified. This may be attributed parlly to the prin- 
ciple of correlated growth, and partly to so-called spon- 
taneous variation. 
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A much more serious objection has been urged by Bronn, 
and recently by Broca, namely, that many characters appear 
to be of no service whatever to their possessors, and therefore 
cannot have been influenced through natural selection. 
Bronn adduces the length of the ears and tails in the dif- 
ferent species of hares and mice,—the complex folds of 
enamel in the teeth of many animals, and a multitude of 
analogous cases. With respect to plants, this subject has 
been discussed by Nàgeli in an admirable essay. He admits 
that natural selection has effected much, but he insists that 
the families of plants differ chiefly from each other in mor- 
phological characters, which appear to be quite unimportant 
for the welfare of the specìes. He consequently believes in 
an innate tendency towards progressive and more perfect 
development. He specifies the arrangement of the cells in 
the tissues, and of the leaves on the axis, as cases in which 
natural selection could not have acted. To these may be 
added the numerical divisions in the parts of the flower, the 
position of the ovules, the shape of the seed, when not of any 
use for dissemination, &c. 

There is much force in the above objection. Nevertheless, 
we ought, in the first place, to be extremely cautious in 
pretending to decide what structures now are, or have for- 
merly been, of use to each specìes. In the second place, it 
should always be borne in mind that when one part is modi- 
fied, so will be other parts, through certain dimly seen causes, 
such as an increased or diminished flow of nutriment to a 
part, mutual pressure, an early developed part affecting one 
subsequently developed, and so forth,—as well as through 
other causes which lead to the many mysterious cases of 
correlation, which we do not in the least understand. These 
agencìes may be all grouped together, for the sake of brevity, 
under the expression of the laws of growth. In the third 
place, we have to allow for the direct and definite action of 
changed conditions of life, and for so-called spontaneous 
variations, in which the nature of the conditions apparently 
plays a quite subordinate part. Bud-variations, such as the 
appearance of a moss-rose on a common rose, or of a nec- 
tarine on a peach-tree, offer good instances of spontaneous 
variations; but even in these cases, if we bear in mind the 
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power of a miniite drop of poison in producing coniplex galls, 
wc oiight not to feel too siire that thc abovc variations are 
not the effect of some local change in thc nature of ihe sap, 
diie to some change in thc conditions. Thcrc must be some 
efficicnt caiise for each slight individual difference, as well 
as for more strongly markcd variations which occasionally 
arise; and if the unknown caiise werc to act persistently, it 
is almost certain that all the individuals of tho species would 
be similarly modified. 

In the earlier editions of this work I undcr-rated, as it now 
seems probable, the frequency and iinportancc of modifica- 
tions due to spontaneous variability. Bnt it is impossible to 
attribute to this cause the innumerable structures which are 
so well adapted to the habits of life of cach species. I can 
no more believe in this, than that the well-adapted form of a 
race-horse or greyhound, which before the principle of selec- 
tion by man was well understood, excited so much surprise in 
the minds of the older naturalists, can thus be explained. 

It may be worth while to illustrate some of the foregoing 
remarks. Wìth respect to the assumed inutility of various 
parts and organs, it is hardly nccessary to observe that even 
in the higher and best-known animals many structures exist, 
which are so highly developed that no one doubts that they 
are of importance, yet their use has not becn, or has only 
recently been, ascertaincd. As Bronn gives the length of 
the ears and tail in the several species of mice as instances, 
though trifling ones, of differences in structure which can 
be of no special use, I may mention that, according to Dr. 
Schobl, the external ears of the common mouse are supplied 
in an extraordinary manner with nerves, so that they no 
doubt serve as tactile organs; hcnce thc length of thc ears 
can hardly be quite unimportant. We shall, also, presently 
see that the tail is a highly useful prehensilc organ to sonie 
of the spccies ; and its use would be inuch ìnfluenced by its 
length. 

With respect to plants, to which on acconnt of Nagcli’s 
essay I shall confinc myself in the following rcmarks, it will 
be admitted that the flowcrs of orchids prescnt a inultitude of 
curious structures, which a few years ago would have been 
considcred as mere morphological ditfcrcncos without any 
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special function; but they are now known to be of the highest 
importance for the fertilisation of the species through the 
aid of insects, and have probably been gained through natural 
selection. No one until lately would have imagined that in 
dimorphic and trimorphic plants the different lengths of the 
stamens and pistils, and their arrangement, could have been 
of any service, but now we know this to be the case. 

In certain whole groups of plants the ovules stand erect, 
and in others they are suspended; and within the same 
ovarium of some few plants, one ovule holds the former and 
a second ovule the latter position. These positions seem at 
first purely morphological, or of no physiological significa- 
tion; but Dr. Hooker informs me that within the same 
ovarium, the upper ovules alone in some cases, and in other 
cases the lower ones alone are fertilised; and he suggests that 
this probably depends on the direction in which the pollen- 
tubes enter the ovarium. If so, the position of the ovules, 
even when one is erect and the other suspended within the 
same ovarium, would follow from the selection of any slight 
deviations in position which favoured their fertilisation, and 
the production of seed. 

Several plants belonging to distinct orders habitually pro- 
duce flowers of two kinds,—the one open of the ordinary 
structure, the other closed and imperfect. These two kinds 
of flowers sometìmes differ wonderfully in structure, yet may 
be seen to graduate into each other on the same plant. The 
ordinary and open flowers can be intercrossed; and the bene- 
fits which certainly are derived from this process are thus 
secured. The closed and imperfect flowers are, however, 
manifestly of high importance, as they yield with the utmost 
safety a large stock of seed, with the expenditure of won- 
derfully little pollen. The two kinds of flowers often differ 
much, as just stated, in structure. The petals in the imperfect 
flowers almost always consist of mere rudiments, and the 
pollen-graìns are reduced in diameter. In Ononis columnae 
five of the alternate stamens are rudimentary; and in some 
species of Viola three stamens are in this state, two retaining 
theìr proper function, but being of very small sìze. In six 
out of thirty of the closed flowers in an Indian violet (name 
unknown, for the plants have never produced with me per-* 
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fect flowers), the sepals are reduced froin the normal nuiii- 
ber of fìve to three. In one scction of the ÌMalpighiaceic the 
closed flowers, according to A. dc Jussieu, are still further 
modifìed, for the fìve stainens which stand opposite to thc 
sepals are all aborted, a sixth stamen standing opposite to 
a petal being alonc dcveloped; and this stamen is not present 
in the ordinary flowcrs of these specics; the style is aborted; 
and the ovaria are rcduced from three to two. Now although 
natural selection niay well havc had the power to prcvcnt 
some of the flowers from expanding, and to reduce the amount 
of pollen, when rendered by thc closure of the flowers supcr- 
fluous, yet hardly any of the above special modifications can 
have been thus detcrmined, but must have followed from 
the laws of growth, including the functional inactivity of 
parts, during the progress of the reduction of the pollcn and 
the closure of the flowers. 

It is so necessary to appreciate thc important effects of 
the laws of growth, that I will give some additional cases of 
another kind, namely of differences in the same part or organ, 
due to differences in relative position on the samc plant. 
In the Spanish chestnut, and in certain fir-trees, the angles of 
divergence of the leaves differ, according to Schacht, in 
the nearly horizontal and in the upright branchcs. In the 
common rue and some other plants, one flowcr, usually the 
central or terminal one, opens first, and has five scpals and 
petals, and five divisions to the ovarium; whilst all the other 
flowers on the plant are tetramerous. In the British Adoxa 
the uppermost flower generally has two calyx-lobes with the 
other organs tetramerous, whilst the surrounding flowers 
generally have three calyx-Iobes with the other organs pcn- 
tamerous, In many Compositai and Umbellifcrre (and in 
some other plants) the circumferential flowers have theìr 
corollas much more developed than thosc of the centre; 
and this seems often connccted with the abortion of the re- 
productive organs. It is a niore curìous fact, prcviously 
rcferred to, that thc achenes or seeds of the circumference 
and centre sometimes differ greatly in form, colour, and 
other characters. In Carthamus and some other CompositcX 
the central achencs alone are furnishcd with a pappus; and 
in Hyoseris thc samc hcad yiclds achencs of thrce different 
II IIC XI 
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forms. In certain Umbelliferae the exterior seeds, according 
to Tausch, are orthospermous, and the central one coelosper- 
mous, and this is a character which was considered by De 
Candolle to be in other species of the highest systematic im- 
portance. Prof. Braun mentions a Fumariaceous genus in 
which the flowers in the lower part of the spike bear oval, 
ribbed, one-seeded nutlets; and in the upper part of the spike, 
lanceolate, two-valved, and two-seeded siliques. In these 
several cases, with the exception of that of the well developed 
ray^florets, which are of service in making the flowers coii- 
spicuous to insects, natural selection cannot, as far as we can 
judge, have come into play, or only in a quite subordinate 
manner. All these modifications follow from the relative 
position and inter-action of the parts; and it can hardly be 
doubted that if all the flowers and leaves on the same plant 
had been subjected to the same external and internal con- 
dition, as are the flowers and leaves in certain positions, all 
would have been modified in the same manner. 

In numerous other cases we find modifications of structure, 
which are considered by botanists to be generally of a highly 
important nature, affecting only some of the flowers on the 
same plant, or occurring on distinct plants, which grow close 
together under the same conditioiis. As these variations 
seem of no special use to the plants, they cannot have been 
influenced by natural selection. Of their cause we are quite 
ignorant; we cannot even attribute them, as in the last class 
of cases, to any proximate agency, such as relative position. 
I will give only a few instances. It is so common to observe 
on the same plant, flowers indifferently tetramerous, pentam- 
erous, &c., that I need uot give examples; but as numerical 
variations are comparatively rare when the parts are lew, I 
may mention that, according to De Candolle, the flowers of 
Papaver bracteatum offer either two sepals with four petals 
(which is the common type with poppies), or three sepals 
with six petals. The manner in which the petals are folded 
in the bud is Ìn most groups a very constant morphological 
character; but Professor Asa Gray states that with some 
species of Mimulus, the asstivation is almost as frequently 
that of the Rhinanthide^e as of the Antirrhinìdeae, to which 
latter tribe the genus belongs. Aug. St. Hilaire gives the 
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following cases: the genus Zanthoxylon belongs to a divìsion 
of the Rutacex with a single ovary, but in soinc species 
fiowers may be found on the same plant, and even in the 
same panicle, with either one or two ovaries. In Helian- 
themum the capsule has been described as unilocular or 
3-lociilar; and in H. mutabile, “Une lame, plus ou moins 
large, s’etend entre le pericarpe et le placenta.” In the 
fiowers of Saponaria officinalis, Dr. Masters has observed 
instances of both marginal and free central placentation. 
Lastly, St. Hilaire found towards the southern extreme of 
the range of Gomphia oleasformis two forms which he did 
not at first doubt were distinct species, but he subsequently 
saw thcm growing on the same bush; and he then adds, 
‘‘Voilà donc dans un mème individu des loges et un style qui 
se rattachent tantòt à un axe vcrticale et tantòt à un 
gynobase.” 

We thus see that with plants many morphological changcs 
may be attributed to the laws of growth and the inter-action 
of parts, independently of natural selection. But with rc- 
spect to Nàgeli’s doctrinc of an innate tendency towards 
perfection or progressive development, can it be said in the 
case of these strongly pronounced variations, that the plants 
have been caught in the act of progressing towards a higher 
state of development ? On the contrary, I should infer from 
the mere fact of the parts in question differing or varying 
greatly on the same plant, that such modifications were of 
extremely small importance to the plants themselves, of 
whatever importance they may generally be to us for our clas- 
sifications. The acquisition of a useless part can hardly be said 
to raise an organism in the natural scale; and in the case of the 
imperfect, closed fiowers above describcd, if any new principle 
has to be invoked, it must be one of rctrogression rather than 
of progression; and so it must be with many parasitic and 
degraded animals. We are ignorant of the exciting cause of 
the above specified modifications; but if the unknown cause 
were to act almost uniformly for a length of time, we may 
infer that the result would be almost uniform; and in this 
case all the individuals of the species would be modified ia 
the same manner. 

From the fact of the above characters being uniinportant 
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'for the welfare of the species, any slight variations whlch oc- 
curred in them would not have be.en accumulated and aug- 
mented through natural selection. A structure which has been 
developed through long-continued selection, when it ceases to 
be of service to a species, generally becomes variable, as we 
see with rudimentary organs; for it will no longer be regu- 
lated by this same power of selection. But wlien, from the 
nature of the organism and of the conditions, modifications 
have been Ìnduced which are unimportant for the welfare of 
the species, they may be, and apparently often have been, 
transmitted in nearly tl^e same state to numerous, otherwise 
modified, descendants. It cannot have been of much impor- 
tance to the greater number of mammals, birds, or reptiles, 
whether they were clothed with hair, feathers, or scales; yet 
hair has been transmitted to almost all mammals, feathers 
to all birds, and scales to all true reptiles. A structure, what- 
ever it may be, which is common to many allied forms, is 
ranked by us as of high systematic importance, and conse- 
quently is often assumed to be of high vital importance to the 
species. Thus, as I am inclined to believe, morphological 
differences, which we consider as important—such as the ar- 
rangement of the leaves, the divisions of the flower or of the 
ovarium, the position of the ovules, &c.—first appeared in 
many cases as fluctuating variations, which sooner or later 
became constant through the nature of the organism and of 
the surrounding conditions, as well as through the inter- 
crossing of distinct individuals, but not through natural selec- 
tion; for as these morphological characters do not affect the 
welfare of the species, any slight deviations Ìn them could 
not have been governed or accumulated through this latter 
agency. It is a strange result which we thus arrive at, 
namely that characters of slight vital importance to the spe- 
cies, are the most important to the systematist; but, as we 
shall hereafter see when we treat of the genetic principle of 
classification, this is by no means so paradoxical as it may 
at first appear. 

Although we have no good evidence of the existence in 
organic beings of an innate tendency towards progressive 
development, yet this necessarily follows, as I have attempted 
to show Ìn the fourth chapter, through the continued action 
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of natural selection. For the best dcfinition which has cvcr 
Ijeen given of a high standard of organisation is tlie degree 
to which the parts have been specialised or differentiated; 
and natural scJection tends towards this end, inasniucli as 
the parts are thus enablcd to perforin thcìr funetions more 
efficiently. 

A distìnguished zoologist, !Mr. St. George I^Iivart, has 
recently coHected all the objections whìch have ever becn 
advanced by myself and others against the theory of natural 
selection, as propounded by 'Mv, Wallacc and myself, and has 
illustrated them with admirable art and force. When thus 
marshalled, they niake a formidable array; and as it forms 
no part of IMr. Mivart’s plan to give the various facts and 
considerations opposed to his conclusions, no slight effort 
of reason and memory is left to the reader, who may wish 
to weigh the evidence on both sides. When discussing special 
cases, Mr. Mivart passes over the effects of the increascd 
use and disuse of parts, which I have always maìntained to 
be highly important, and have treated in my ‘Variation under 
Domestication’ at greater length than, as I believe, any other 
writer. He likewise often assumcs that I attribute nothing 
to variation, independently of natural selection, whereas in 
the work just referred to I liave collectcd a greater number of 
well-establìshed cases than can be found in any other work 
known to me. My judgment may not bc trustworthy, but 
after readìng with care Mr. Mìvart’s book, and comparing 
each section with what I have said on the same head, I never 
before felt so strongly convinced of thc general truth of the 
conclusions here arrived at, subject, of course, in so intricate 
a subject, to much partial error. 

All Mr. Mivart’s objectìons will be, or have been, con- 
sidered in the present volumc. The one ncw point wnicli 
appears to have struck many readcrs is, “that natural selec- 
tion is incompetent to account for thc incipient stages of 
useful structures.” This subject is intimately connectcd with 
that of the gradation of characters, often accoinpanied by 
a change of function,—for instance, thc convcrsion of a 
swim-bladder into lungs,—points which were discussed in thc 
last chapter under two headings. Nevcrtheless, I will lierc 
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consider in some detail several of the cases advanced by Mt. 
Mivart, selecting those which are the most illustrative, as 
want of space prevents me from considering all. 

The giraffe, by its lofty stature^ much elongated neck, 
fore legs, head and tongue, has its whole frame beautifully 
adapted for browsing on the higher branches of trees. It can 
thus obtain food beyond the reach of the other Ungulata or 
hoofed animals inhabiting the same country; and this must 
be a great advantage to it during dearths. The Niata cattle 
in S. America show us how small a dìfference in structure 
may make, during such periods, a great difference in preserv- 
ing an animal’s life. These cattle can browse as well as 
others on grass, but from the projection of the lower jaw 
they cannot, during the often recurrent droughts, browse on 
the twigs of trees, reeds, &c., to which food the common 
cattle and horses are then driven; so that at these times the 
Niatas perish, if not fed by their owners. Before coming 
to Mr. Mivart’s objections, it may be well to explain once 
again how natural selection will act in all ordinary cases. 
Man has modified some of his animals, without necessarily 
having attended to special points of structure, by simply pre- 
serving and breeding from the fleetest individuals, as with 
the race-horse and greyhound, or as with the game-cock, by 
breeding from the victorious bìrds. So under nature with 
the nascent giraffe, the individuals which were the highest 
browsers and were able during dearths to reach even an inch 
or two above the others, will often have been preserved; 
for they will have roamed over the whole country in search 
of food. That the individuals of the same species often 
differ slightly in the relative lengths of all their parts may 
be seen in many works of natural history, in which careful 
measurenients are given. These slight proportional differ- 
ences, due to the laws of growth and variation, are not of the 
slightest use or importance to most species. But it will have 
been otherwise with the nascent giraffe, considering its prob- 
able habits of life; for those individuals which had some one 
part or several parts of their bodies rather more elongated 
than usual, would generally have survived. These will have 
intercrossed and left offspring, either inheriting the same 
bodily peculiarities, or with a tendency to vary again in the 
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same manner; whilst the individuals, 1ess favoured in the 
same respeets, will have heen the most liable to perish. 

\Ve here see that there is no need to separate single pairs, 
as man does, whcn he niethodically improves a breed; natural 
selection \vill prcscrvc and thus separate all thc superior 
individuals, allowing thcm freely to intercross, and will de- 
stroy all the infcrior individuals. By this process long- 
continued, which exactly corresponds with what I have called 
unconscious selection by man, combined no doubt ìn a most 
important manner with the inherited effects of the increased 
use of parts, it seems to me almost certain that an ordinary 
hoofed quadruped might be converted into a giraffe. 

To this conclusion Mr. Mivart brings forward two objec- 
tions. One is that the increased size of the body would 
obviously require an increased supply of food, and he con- 
siders it as ‘‘very problematical whether the disadvantages 
thence arising would not, in times of scarcity, more than 
counterbalance the advantagcs.’' But as the giraffe does 
actually exist in large numbers in S. Africa, and as sorae of 
the largest antelopes in the world, taller than an ox, abound 
there, why should we doubt that, as far as size is concerned, 
intermediate gradations could formerly have existed there, 
subjected as now to severe dearths? Assuredly thc being 
able to reach, at each stage of increased size, to a supply of 
food, left untouched by the other hoofed quadrupeds of the 
country, would have been of some advantage to the nascent 
giraffe. Nor must we overlook the fact, that increased hulk 
would act as a protection against almost all beasts of prey 
excepting the lion; and against this animaJ, its tall neck,— 
and the taller the better,—would, as Mr. Chauncey Wright 
has remarked, serve as a watch-tower. It is from this cause, 
as Sir S, Baker remarks, that no animal is more difìicult to 
stalk than the giraffe. This animal also uses its long neck 
as a means of offence or defence, by violently swinging its 
head armed with stump-like horns. The prcservation of 
each species can rarely be determined by any one advantage 
but by the union of all, great and small. I 

Mr. Mivart then asks (and this is his sccond objection), 
if natural selection be so potent, and if high browsing be so 
great an advantage, why has not any other hoofed (juadruped 


232 


ORIGIN OF SPECIES 


acquired a long neck’ and lofty stature, besìdes the girafTe, 
and, in lesser degree, the camel, guanaco, and macrauchenia? 
Or, again, why has not any member of the group acquired a 
long proboscis? With respect to S. Africa, which was for- 
merly inhabited by numerous herds of the giraffe, the answer 
is not difficult, and can best be given by an illustration. In 
every meadow in England in which trees grow, we see the 
lower branches trimmed or planed to an exact level by the 
browsing of the horses or cattle; and what advantage would 
it be, for instance, to sheep, if kept there, to acquire slightly 
longer necks? In every district some one kind of animal 
will almost certainly be able to browse higher than the 
others; and it is almost equally certain that this one kind 
alone could have its neck elongated for this purpose, through 
natural selection and the effects of increased use. In S. 
Africa the competition for browsing on the higher branches 
of the acacias and other trees must be between giraffe and 
giraffe, and not with the other ungulate animals. 

Why, in other quarters of the world, various animals be- 
longing to this same order have not acquired either an 
elongated neck or a proboscis, cannot be distinctly answered; 
but it is as unreasonable to expect a distinct answer to such 
a question, as why some event in the history of mankind did 
not occur in one country, whilst it did in another. We are 
ignorant with respect to the conditions which determine the 
numbers and range of each species; and we cannot even con- 
jecture what changes of structure would be favourable to 
its increase in some new country. We can, however, see in a 
general manner that various causes might have interfered 
with the development of a long neck or proboscis. To reach 
the foliage of a considerable height (without climbing, for 
which hoofed animals are singularly ill-constructed) implies 
greatly increased bulk of body; and we know that some areas 
support singularly few large quadrupeds, for instance S. 
America, though it is so luxuriant; whilst S. Africa abounds 
with them to an unparalleled degree. Why this should be 
so, we do not know; nor why the later tertiary periods should 
have been much more favourable for their existence than the 
present time. Whatever the causes may have been, we can 
see that certain districts and times would have been much 
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more favourable than othcrs for the development of so large 
a quadruped as the giraffe. 

In order that an animal should acquire some structurc 
specially and largely developed, it is almost indispensable 
that several other parts should be modifìed and co-adapted. 
Although every part of the body varìes slightly, it does not 
follow that the necessary parts should ahvays vary in the 
right direction and to the right degree. With the diffcrent 
species of our domesticated animals we know that the parts 
vary in a different manner and dcgree; and that spme species 
are much more variable than others. Even if the fitting vari- 
ations did arise, it does not follow that natural selection 
would be able to act on them, and produce a structure which 
apparently would be beneficial to thc species. For instance, 
if the number of individuals existing in a country is deter- 
mined chiefly through destruction by beasts of prey,—by ex- 
ternal or internal parasites, etc.,—as seems often to be the 
case, then natural selection will be able to do little, or will be 
greatly retarded, in modifying any particular structure for ob- 
taining food. Lastly, natural selection is a slow process, and 
the same favourable conditions must long endure in order 
that any marked effect should thus be produced, Except by 
assigning such general and vague reasons, we cannot explain 
why, in many quarters of the world, hoofed quadrupeds have 
not acquired much elongated necks or other means for brows- 
ing on the higher branches of trees. 

Objections of the same nature as the foregoing have been 
advanced by many writers. In each case various causes, be- 
sides the general ones just indicated, have probably inter- 
fered with the acquisition through natural selection of struc- 
tures, which it is thought would be beneficial to certain 
species. One writer asks, why has not the ostrich acquired 
the power of flight? But a moment’s reflection will show 
what an enormous supply of food would be necessary to givc 
to this bird of the desert force to movc its huge body through 
the air. Oceanic islands are inhabited by bats and seals, but 
by no terrestrial mammals; yet as some of thcsc bats are 
peculiar specics, they must have long inhabited their present 
homes. Thereforc Sir C. Lyell asks, and assigns ccrtaìn rea- 
sons in answer, why havc not scals aiid bats givcn birth on 
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such islands to forms fitted to live on the land? But seals 
would necessarily be first converted into terrestrial carnivor- 
ous animals of considerable size, and bats into terrestrial 
insectivorous animals; for the former there would be no 
prey; for the bats ground-insects would serve as food, but 
these would already be largely preyed on by the reptiles or 
birds, which first colonise and abound on most oceanic islands. 
Gradations of structure, with each stage beneficial to a chang- 
ing species, will be favoured only under certain peculiar con- 
ditions. A.strictly terrestrial animal, by occasionally hunting 
for food in shallow water, then in streams or lakes, might at 
last be converted into an animal so thoroughly aquatic as to 
brave the open ocean. But seals would not find on oceanic 
islands the conditions favourable to their gradual reconver- 
sion into a terrestrial form. Bats, as formerly shown, prob- 
ably acquired their wings by at first gliding through the air 
from tree to tree, like the so-called fiying squirrels, for the 
sake of escaping from their enemies, or for avoiding falls; 
but when the power of true fiight had once been acquired, it 
would never be reconverted back, at least for the above pur- 
poses, into the less efficient power of gliding through the air. 
Bats might, indeed, like many birds, have had theìr wings 
greatly reduced in size, or completely lost, through disuse; 
but in this case it would be necessary that they should first 
have acquired the power of running quickly on the ground, 
by the aid of their hind legs alone, so as to compete with 
birds or other ground animals; and for such a change a bat 
seems singularly ill-fitted. These conjectural remarks have 
been made merely to show that a transition of structure, with 
each step beneficial, is a highly complex affair; and that there 
is nothing strange in a transition not having occurred in any 
particular case. 

Lastly, more than one writer has asked, why have some 
animals had their mental powers more highly developed than 
others, as such development would be advantageous to all? 
Why have not apes acquired the intellectual powers of man? 
Various causes could be assigned; but as they are conjec- 
tural, and their relative probability cannot be weighed, it 
would be useless to give them. A definite answer to the lat- 
ter question ought not to be expected, seeing that no one can 
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solvc the simpler problem why, of two raccs of savaj^es, onc 
has riscn higher in the scale of civilisation than thc othcr; 
and this apparently implies increased brain-powcr. 

Wc will return to Mr. Mivart’s other objcctions. Insccts 
often resemble for the sake of protection varioiis objccts, such 
as grcen or decayed leaves, dead twigs, bits of lichen, flowcrs, 
spines, excrcment of birds, and living insccts; but to this lat- 
ter point I shall hereafter recur. Tlie resemblancc is often 
wonderfully close, and is n t confìncd to colour, but extcnds 
to form, and even to the manncr in which thc insects hold 
themselves. The caterpillars which projcct motionless like 
dead twigs from the bushes on which they feed, offcr an ex- 
cellent instance of a resemblancc of this kind. The cases of 
the imitation of such objects as the excrement of birds, are 
rare and exceptional. On this head, Mr. IMivart remarks, 
“As, according to Alr. Darwin’s theory, therc is a constant 
tendency to indefinite variation, and as the minute incipient 
variations will be in aìl dirccfioìis, they must tend to ncutral- 
ise each other, and at first to form such unstable modifications 
that it is difficult, if not impossible, to see how such indefinite 
oscillations of infinitcsimal bcginnings can ever build up a 
sufficiently appreciable resemblance to a lcaf, bamboo, or other 
object, for Natural Selection to scizc upon and perpetuate.” 

But in all the foregoing cascs thc insccts in thcir origìnal 
state no doubt presented some rude and accidental resem- 
blance to an objcct commonly found in the stations frcquented 
by them. Nor is this at all improbablc, considcring thc al- 
most infinite number of surrounding objects and the divcr- 
sity in form and coloiir cf thc hosts of insccts which exist. 
As some rude rcsemblance is ncccssary for the first start, we 
can imderstand how it is that thc largcr and higher animals 
do not (with thc exccption, as far as I know, of one fish) 
resemble for thc sake of protection spccial objects, but only 
the surface which commonly surrounds them, and this chicfly 
in colour. Assuming that an insect originally happcncd to 
resemble in some degrec a dcad twig or a decaycd lcaf, and 
that it varied slightly in many ways, thcn all the variations 
which rendercd the insect at all more like any such object, 
and thus favoured its cscapc, would bc [)rcscrvcd, whilst other 
variations would bc neglccted and iiltimatcly lost; or, if thcY 
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rendered the insect at all less like the imitated object, they 
would be eliminated. There would indeed be force in Mr. 
Mivart’s objection, if we were to attempt to account for the 
above resemblances, independently of natural selection, 
through mere fluctuating variability; but as the case stands 
there is none. 

Nor can I see any force in Mr. Mivart’s difìfìculty with re- 
spect to “the last touches of perfection in the mimìcry;” as 
in the case given by Mr. Wallace, of a walking-stick insect 
(Ceroxylus laceratus), which resembles “a stick grown over 
by a creeping moss or jungermannia.” So close was this 
resemblance, that a native Dyak maintained that the foli- 
aceous excrescences were really moss. Insects are preyed on 
by birds and other enemies, whose sight is probably sharper 
than ours, and every grade in resemblance which aided an 
insect to escape notice or detection, would tend towards its 
preservation; and the more perfect the resemblance so much 
the better for the ìnsect. Considering the nature of the dif- 
ferences between the species in the group which includes the 
above Ceroxylus, there is nothing improbable in this insect 
having varied in the irregularities on its surface, and in these 
having become more or less green-coloured; for in every 
group the characters which differ in the several species are 
the most apt to vary, whilst the generic characters, or those 
common to all the species, are the most constant. 

The Greenland whale is one of the most wonderful animals 
in the world, and the baleen, or whale-bone, one of its great- 
est peculiarities. The baleen consists of a row, on each side, 
of the upper jaw, of about 300 plates or laminae, which stand 
close together transversely to the longer axis of the mouth. 
Within the main row there are some subsidiary rows. The 
extremities and inner margins of all the plates are frayed 
into stiff bristles, which clothe the whole gigantic palate, and 
serve to strain or sift the water, and thus to secure the 
minute prey on which these great animals subsist. The 
middle and longest lamina in the Greenland whale is ten, 
twelve, or even fìfteen feet in length; but in the different 
species of Cetaceans there are gradations in length; the 
middle lamina being in one species, according to Scoresby, 
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four feet, in anothcr three, in anothcr eighteen inches, and in 
thc Bala^noptera rostrata only about nine inches in Icngth. 
The quality of the whale-bone also differs in the different 
species. 

With respect to the baleen, Mr. Mivart remarks that if it 
“had once attained such a size and developmcnt as to be at 
all useful, then its preservation and augmentation within 
serviceable limits would be promoted by natural selection 
alone. But how to obtain the beginning of such useful de- 
velcpment?” In answcr, it may be asked, why should not 
the early progenitors of the whales with baleen have pos- 
sesscd a mouth constructed something like the lamellated 
beak of a duck? Ducks, like whales, subsist by sifting the 
mud and water; and the family has sometimes been called 
Criblatores, or sifters. I hope that I may not be miscon- 
strued into saying that the progcnitors of whales did actually 
possess mouths lamellated like the beak of a duck. I wish 
only to show that this is not incrcdible, and that the immense 
plates of baleen in the Grecnland whale might have been 
developed from such lamella^ by finely graduated steps, cach 
of service to its possessor. 

The beak of a shovellcr-duck (Spatula clypeata) is a more 
beautiful and complex structure than the mouth of a whale. 
The upper mandible is furnished on each side (in the speci- 
men examined by mc) with a row or comb formed of i88 
thin, elastic lamellas, obliquely bevelled so as to bc pointed, 
and placed transversely to the longer axis of the mouth. 
They arise from the palate, and are attached by flexible mem- 
brane to the sides of thc mandible. Those standing towards 
the middle are the longest, being about one-third of an inch 
in length, and they project *I4 of an inch beneath the edge. 
At their bases thcre is a short subsidiary row of obliqtiely 
transverse lamellae. In thcse several rcspects thcy rcscmble 
the plates of balecn in the mouth of a whalc. But towards 
the extremity of the beak they differ nuich, as thcy pro- 
ject inwards, instead of straight downwards. The entirc 
head of the shoveller, though incomparably less bulky, is 
about one-eightecnth of the lcngth of the hcad of a mod- 
erately large Bala^noptera rostrata, in which species the 
balcen is only nine inches long; so that if we werc to rnake 
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the head of the shoveller as long as that of the Balaenoptera, 
the lamellae would be six inches in length,—that is, two-thirds 
of the length of the baleen in this species of whale. The 
lower mandible of the shoveller-duck is furnished with 
lamellae of equal length with those above, but finer; and in 
being thus furnished it differs conspicuously from the lower 
jaw of a whale, which is destitute of baleen. On the other 
hand, the extremities of these lower lamellae are frayed into 
fine bristly points, so that they thus curiously resemble the 
plates of baleen. In the genus Prion, a member of the dis- 
tinct famiiy of the Petrels, the upper mandible alone is fur- 
nished with lamellae, which are well developed and project 
beneath the margin; so that the beak of this bird resembles 
in this respect the mouth of a whak. 

From the highly developed structure of the shoveller’s 
beak we may proceed (as I have learnt from information and 
specimens sent to me by Mr. Salvin), without any great 
break, as far as fitness for sifting is concerned, through the 
beak of the Merganetta armata, and in some respects through 
that of the Aix sponsa, to the beak of the common duck. 
In this latter species, the lamellae are much coarser than 
in the shoveller, and are firmly attached to the sides of the 
mandible; they are only about 50 Ìn number on each side, and 
do not project at all beneath the margin. They are square- 
topped, and are edged with translucent hardish tissue, as i£ 
for crushing food. The edges of the lower mandible are 
crossed by numerous fine ridges, which project very little. 
Although the beak is thus very inferior as a sifter to that 
of the shoveller, yet this bird, as every one knows, constantly 
uses it for this purpose. There are other species, as I hear 
from Mr. Salvin, in which the lainellse are considerably less 
developed than in the common duck; but I do not know 
whether they use their beaks for sifting the water. 

Turning to another group of the same family. In the 
Egyptian goose (Chenalopex) the beak closely resembles that 
of the common duck; but the lamellae are not so numerous, 
nor so distinct from each other, nor do they project so much 
inwards; yet this goose, as I am informed by Mr, E. Bartlett, 
“uses its bill like a diick by throwing the waters out at the 
corners.” Its chief food, however, is grass, which it crops 
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like the common goose. In tliis lattcr bird, thc lamella? of the 
upper mandible are much coarser than in the coinmon duck, 
almost confluent, about 27 in numbcr on each sidc, and ter- 
minating iipwards in teeth-like knobs. The palate is also 
covered with hard rounded knobs. Thc edges of thc lower 
mandible are serrated with tceth much more prominent, 
coarser, and sharper than in the duck. The common goose 
does not sift the water, but uscs Ìts beak exclusively for tcar- 
ing or cutting herbage, for wliich purposc Ìt is so well fìtted, 
that it can crop grass closer than almost any other animal. 
There are other species of geese, as I hear froni Mr. Bartlett, 
in which the lamellaì are less developed than in the common 
goose. 

\Ve tbiis see that a member of the duck family, with a beak 
constructed like that of tlie common goose and adapted solely 
for grazing, or even a member with a beak baving less well- 
developed lamellae, niight be converted by small changes into 
a species like the Egyptian goose,—this into one like the com- 
mon duck, —and, lastly, into one like tlie shoveller, provided 
with a beak almost exclusivcly adapted for sifting the water; 
for this bird could hardly use any part of its beak, except 
the hooked tip, for seizing or tearing solid food. The beak 
of a goose, as I may add, might also bc converted by small 
changes into one provided witb prominent, recurved teeth, 
like those of the iMerganser (a member of the same family), 
serving for ihe widely difìferent purpose of sccuring live fish. 

Returning to the whales. The Hypcroodon bidens ìs desti- 
tiite of trne teeth in an eflìcient condition, but its palate is 
roughened, according to Lacepcde, with small, unequal, hard 
points of horn. There is, thcrefore, nothing improbable in 
supposing that some early Cetacean form was provided with 
similar points of horn on thc' palate, but rather more rcgu- 
larly placed, and which, likc the knobs on the beak of tlic 
goose, aided it in seizing or tearing its food. If so, it will 
hardly be denied that the points might havc been convcrted 
tlirough variation and natural sclection into lamella} as well- 
developed as those of the Egyptian goose, in whicli case thcy 
would have becn used both for seizing objccts and for sift- 
ing the water; tben into laniella? like those of the domcstic 
duck; and so onwards, until they becaine as well coiistructcd 
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as those of the shoveller, in which case they would have 
served exclnsively as a sifting apparatns. From this stage, 
in which the lamellse wonld be two-thirds of the length of 
the plates of baleen in the Balaenoptera rostrata, gradations, 
which may be observed in still-existing Cetaceans, lead us 
onwards to the enormous plates of baleen in the Greenland 
whale. Nor is there the least reason to doubt that each step 
in this scale might have been as serviceable to certain an- 
cient Cetaceans, with the functions of the parts slowly chang- 
ing during the progress of development, as are the grada- 
tions in the beaks of the different existing members of the 
duck faniily. We should bear in mind that each species of 
duck is subjected to a severe struggle for existence, and that 
the structure of every part of its frame must be well adapted 
to its conditions of life. 

The Pleuronectidae, or Flat-fish, are remarkable for their 
asymmetrical bodies. They rest on one side,—in the greater 
number of species on the left, but in some on the right side; 
and occasionally reversed adult specimens occur. The lower, 
or resting-surface, resembles at first sight the ventral sur- 
face of an ordinary fish: it is of a white color, less developed 
in many ways than the upper side, with the lateral fins often 
of smaller size. But the eyes offer the most remarkable pecu- 
liarity; for they are both placed on the upper side of the 
head. During carly youth, however, they stand opposite to 
eoch other, and the whole body is then symmetrical, with 
both sides equally coloured. Soon the eye proper to the 
lower side begins to glide slowly round the head to the upper 
side; but does not pass right through the skull, as was for- 
merly tliought to be the case. It is obvious that unless the 
lower eye did thus travel round, it could not be used by the 
fish whilst lying in its habitual position on one side. The 
lower eye would, also, have been liable to be abraded by the 
sandy bottom. That thc Pleuronectid^ are admirably adapted 
by their flattened and asymmetrical structure for their habits 
of life, is manifest from several species, such as soles, floun- 
ders, &c., being extremely common. The chief advantages 
thus gained seem to be protection from their enemies, and 
facility for feeding on the ground. The different members, 
however, of the family present, as Schiòdte remarks, “a long 
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scrics of forms exhibiting a gradual transition from IIippo- 
glossus piiiguis, whieh does not in any eonsiderable dcgree 
alter the shape in whieh it leaves the ovum, to the soles, 
whieh are entirely thrown to one side/' 

Mr. Mivart has taken up this ease, and remarks that a 
sudden spontaneous transformation in the position of the 
cyes is hardly eonceivable, in whieh 1 quite agree with him. 
He then adds: ‘‘if the transit was gradual, then how such 
transit of one eye a minute fraction of the journcy towards 
tlie othcr side of thc head eould bcnefit the individual is, in- 
deed, far from elear. It seems, even, that sueh an ineipient 
transformation must rather have been injurious.’' But he 
might have found an answer to this objeetion in the exeel- 
lent observations published in 1867 by Malm. The Pleuro- 
neetidje, whilst very young and still symmetrical, with their 
eyes standing on opposite sides of the head, cannot long re- 
tain a vertieal position, owing to the exeessive depth of their 
bodies, the small size of their lateral fins, and to their being 
destitute of a swimbladder. Hence soon growing tired, they 
fall to the bottom on one side. Whilst thus at rest they often 
twist, as Malm obscrved, the lower eye upwards, to see above 
them; and they do this so vigorously that the eye is pressed 
hard against the upper part of the orbit. The forehead be- 
tween the eyes eonsequently bceomes, as could be plainly 
seen, temporarily eontracted in breadth. On one occasion 
]\Ialm saw a young fish raise and depress thc lower eye 
through an angular distance of about seventy degrees. 

We should remember that the skull at this early age is car- 
tilaginous and flcxible, so that it readily yields to nniscular 
action. It is also known with thc higher animals, even after 
early youth, that the skull yields and is altered in shape, if 
the skin or museles be permanently eontracted througli dis- 
ease or some aceident. With long-eared rabbits, if one car 
lops forwards and downwards, its weight drags forward all 
the bones of the skull on the same side, of which I havc givcn 
a figure. Malm states that the newly hatched young of 
perches, salmon, and scvcral other symmetrical fishcs, havc 
the habit of oecasionally resting on one side at the bottoni; 
and he has observcd that they often then strain tlieir lowcr 
eyes so as to look upwards; and their skulls arc thus rcn- 
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dered rather crooked. These fishes, however, are soon able 
to hold themselves in a vertical position, and no permanent 
effect is thus produced. With the Pleuronectidse, on the 
other hand, the older they grow the more habitually they 
rest on one side, owing to the increasing flatness of their 
bodies, and a permanent effect is thus produced on the form 
of the head, and on the position of the eyes. Judging from 
analogy, the tendency to distortion would no doubt be in- 
creased through the principle of inheritance. Schiòdte be- 
lieves, in opposition to some other naturalists, that the Pleu- 
ronectidae are not quite symmetrical even in the embryo ; and 
if this be so, we could understand how it is that certain spe- 
cies, whilst young, habitually fall over and rest on the left 
side, and other species on the right side. Malm adds, in con- 
firmation of the above view, that the adult Trachypterus arc- 
ticus, which is not a member of the Pleuronectidae, rests on 
its left side at the bottom, and swims diagonally through the 
water; and in this fish, the two sides of the head are said to 
be somewhat dissimilar. Our great authority on Fishes, Dr. 
Giinther, concludes his abstract of Malm’s paper, by remark- 
ing that “the author gives a very simple explanation of the 
abnormal condition of the Pleuronectoids.” 

We thus see that the first stages of the transit of the eye 
from one side of the head to the other, which Mr. Mivart 
considers would be injurious, may be attributed to the habit, 
no doubt beneficial to the individual and to the species, of 
endeavouring to look upwards with both eyes, whilst resting 
on one side at the bottom, We may also attribute to the in- 
herited effects of use the fact of the mouth in several kinds 
of flat-fish being bent towards the lower surface, with the 
jaw bones stronger and more effective on this, the eyeless 
side of the head, than on the other, for the sake, as Dr. Tra- 
quair supposes, of feeding with ease on the ground. Disuse, 
on the other hand, will account for the less developed con- 
dition of the whole inferior half of the body, including the 
lateral fins; though Yarrell thinks that the reduced size of 
these fins is advantageous to the fish, as “there is so much 
less room for their action, than with the larger fins above.’^ 
Perhaps the lesser number of teeth in the proportion of four 
to seven in the upper halves of the two jaws of the plaice, to 
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twenty-five to thirty in the lower halves, niay likewise he 
accountecl for by cJisuse. From the colourless state of the 
ventral surfaee of most fishes and of many other animals, we 
may reasonably suppose that thc ahsenee of colour in flat- 
fish on the side, whethcr it be the right or lcft, which is 
undcrmost, is due to the cxclusion of light. Biit it cannot 
be supposed that the peculiar speckled appearanec ot the 
upper side of the sole, so like the sandy bed of the sea, or 
the power in some species, as rccently shown by Pouchct, of 
changing their colour in accordanee with the surrounding 
surface, or the presence of bony tubereles on the upper side 
of the turbot, are due to the aetion of the light. Here natural 
selection has probably come into play, as well as in adapting 
the general shape of the body of these fishes, and many othcr 
peculiarities, to their habits of lifc. \Ve should keep in mind, 
as I have before insisted, that the inherited effects of the 
increased use of parts, and perhaps of their disuse, will be 
strengthened by natural seleetion. For all spontaneous varia- 
tions in the right direction will thus be preserved; as will 
those individuals which inherit in the highest degree the 
effects of the inereased and beneficial use of any part. How 
mueh to attribute in each particular case to the effects of use, 
and how mueh to natural selection, it seems impossible to 
decide. 

I may give another instance of a strueture which appar- 
endy owes its origin exclusively to use or habit. The ex- 
tremity of the tail in some American monkeys has been con- 
verted into a wonderfully perfect prehensilc organ. and 
serves as a fifth hand. À reviewer who agrecs with Mr. 
Mivart in every detail, remarks on this structure: ‘Tt is im- 
possible to believe that in any number of ages the first slight 
incipient tendency to grasp could preserve the livcs of the 
individuals possessing it, or favour their chance of having 
and of rearing offspring.'’ But there is no nccessity for any 
sueh belief. Habit, and this ahnost iinplies tliat some bcnefit 
great or small is thus derived, would in all prohahility sufiìce 
for the work. Brehm saw the yoimg of an African monkcy 
(Cereopithecus) clinging to the under surface of their mothcr 
by their hands, and at the same timc thcy liookcd thcir littlc 
tails round that of their mother. Professor Hcnslow kept iii 
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confinement some harvest mice (Mus messorius) which do 
not possess a structurally prehensile tail; but he frequently 
observed that they curled their tails round the branches of a 
bush placed in the cage, and thus aided themselves in climb- 
ìng. I have received an analogous account from Dr. Giin- 
ther, who has seen a mouse thus suspend itself. If the har- 
vest mouse had been more strictly arboreal, it would perhaps 
have had its tail rendered structurally prehensile, as is the 
case with some members of the same order. Why Cercopi- 
thecus, considering its habits whilst young, has not become 
thus provìded, it would be difficult to say. It is, however, 
possible that the long tail of this monkey may be of more 
service to it as a balancing organ in making its prodigious 
leaps, than as a prehensile organ. 

The mammary glands are common to the whole class of 
mammals, and are indispensable for their existence; they 
must, therefore, have been developed at an extremely remote 
period, and we can know nothing positively about their man- 
ner of development. Mr. Mivart asks: “Is it conceivable 
that the young of any animal was ever saved from destruction 
by accidentally sucking a drop of scarcely nutritious fluid 
from an accidentally hypertrophied cutaneous gland of its 
mother? And even if one was so, what chance was there of 
the perpetuation of such a variation?” But the case is not 
here put faìrly. It is admitted by most evolutionists that 
mammals are descended from a marsupial form; and if so, 
the mammary glands will have been at first developed within 
the marsupial sack. In the case of the fish (Hippicampus) 
the eggs are hatched, and the young are reared for a time, 
within a sack of this nature; and an American naturalist, 
Mr. Lockwood, believes from what he has seen of the devel- 
opment of the young, that they are nourished by a secretion 
from the cutaneous glands of the sack. Now with the early 
progeiiitors of mammals, almost before they deserved to be 
thus designated, is it not at least possible that the young 
might have been similarly nourished? And in this case, the 
individuals which secreted a fluid, in some degree or manner 
the most nutritious, so as to partake of the nature of milk, 
would in the long run have reared a larger number of well- 
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nourished offspriiig, tlian would thc individuals which sc- 
creted a poorer fluid; and thus the cutaneous glands, which 
are the honiologues of the niammary glands, would liave been 
improved or rendered more effective. It accords with the 
widely extended principlc of specialisation, thal thc glands 
over a certain space of tlie sack should havc become morc 
highly developed than the remaindcr; and thcy would then 
have formed a breast, hut at fìrst wilhout a nipplc, as wc see 
in the Ornithorhyncus, at the base of thc mainmalian scries. 
Through what agency the glands over a certain space be- 
came more highly spccialised than thc others, I will not prc- 
tend to decide, whcthcr in part through compcnsation of 
growth, the effects of use, or of natural selection. 

The development of the mammar}’ glands woiild have bcen 
of no service, and could iiot have been cffccted through nat- 
ural selection, unless thc young at the samc timc were able 
to partake of thc secretion. Thcre is no greater diflìculty in 
understanding how yoimg mammals havc instinctively learnt 
to suck the breast, than in nndcrstanding how unhatched 
chickens have learnt to brcak thc egg-shell by tapping against 
it with their specially adapted bcaks; or how a few hours 
after leaving the shcll thcy have learnt to pick iip grains of 
food. In such cascs the most probable solution seems to be, 
that the habit was at first acquired by practicc at a more ad- 
vanced age, and aftcrwards transmitted to the offspring at an 
earlier agc. But the young kangaroo is said not to suck, 
only to cling to the nipplc of its mothcr. who has thc power 
of injecting milk into the mouth of her hclpless, half-formed 
offspring. On this hcad Mr. Mivart remarks: “Did no spc- 
cial provision exist, the young one must infallibly be chokcd 
by the intrusion of the milk into the windpipc. But therc is 
a special provision. The larynx is so elongated that it rises 
up into the posterior end of thc nasal passagc, and is thns 
enabled to give frec cntrancc to thc air for thc lungs, whilc 
the milk passes harmlessly on each side of this clongatcd 
larynx, and so safely attains the gullet bcbind it.” Mr. Mi- 
vart then asks how did natural sclcction rcmovc in the adiilt 
kangaroo (and in most other mammals, on thc assumptioii 
that they are descendcd from a marsupial forniL “this at 
least perfectly innocent and harmlcss structurc?’' It may 


246 


OPJGIN OF SPECIES 


be suggested in answer that the voice, which is certainly of 
high importance to many animals, could hardly have been 
used with full force as long as the larynx entered the nasal 
passage; and Professor Flower has suggested to me that this 
structure would have greatly interfered with an animal swal- 
lowing solid food. 

We will now turn for a short space to the lower divisions 
of the animal kingdom. The Echinodermata (star-fishes, 
sea-urchins, &c.) are furnished wìth remarkaÙe organs, 
called pedicellarise, which coiisist, when well developed, of a 
tridactyle forceps—that is, of one formed of three serrated 
arms, neatly fitting together and placed on the summit of a 
flexible stem, moved by muscles. These forceps can seize 
firmly hold of any object; and Alexander Agassiz has seen 
an Echinus or sea-urchin rapidly passing particles of excre- 
ment from forceps to forceps down certain lines of its body, 
in order that its shell should not be fouled. But there is no 
doubt that besides removing dirt of all kinds, they subserve 
other functions; and one of these apparently is defence. 

With respect to these organs, I\Ir. IMivart, as on so many 
previous occasions, asks: “What wculd be the utility of the 
iìrst rudimentary beginnings of such structures, and how 
could such incipient buddings have ever preserved the life of 
a single Echinus He adds, ‘*not even the sudden develop- 
ment of the snapping action could have been beneficial with- 
out the freely moveable stalk, nor could the latter have been 
efficient without the snapping jaws, yet no minute merely in- 
definite variations could simultaneously evolve these complex 
co-ordinations of structure; to deny this seems to do no less 
than to affirm a startllng paradox.*' Paradoxical as this may 
appear to Mr. Mivart, tridactyle forcepses, immovably fixed 
at the base, but capable of a snapping action, certainly exist 
on some star-fishes; and this is intelligible if they serve, at 
least in part, as a means of defence. Mr. Agassiz, to whose 
great kindness I am indebted for much information on the 
subject, informs me that there are other star-fishes, in which 
one of the three arms of the forceps is reduced to a support 
for the other two; and again, other genera in which the third 
arm is completely lost. In Echinoneus, the shell is described 
by ]M. Perrier as bearlng two kinds of pedicellariae, one re- 
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sembling those of Echinus, and thc other those of Spatan- 
gus; and such cases are ahvays intcresting as affording thc 
means of apparently sudden transitions, through ihc abortion 
of one of the two states of an organ. 

With respect to the steps by which thcse curìous organs 
have been evolved, Mr. Agassiz infcrs from liis own rc- 
searches and those of lUùller, that both in star-fishes and sca- 
urchins the pedicellariac must undoubtedly be looked at as 
modified spines. This may be inferred from their manner o£ 
development in the individual, as well as from a loiig and 
perfect series of gradations in different species and genera, 
from simple granules to ordinary spines, to perfect tridactyle 
pedicellari?e. The gradation extends evcn to the maniier in 
which ordinary spines and the pedicellari?e with their sup- 
porting calcareous rods are articulated to the shell. In cer- 
tain genera of star-fishcs, “thc very combinations needed to 
show that the pedicellarijc are only modified branching spines” 
may be found. Thus we have fixed spines, with three equi- 
distant, serrated, moveable branches, articulated to near their 
bases; and higher up, on the same spinc, three other movc- 
able branches. Now when the latter arise froni the summit 
of a spine they form in fact a rudc tridactyle pedicellaria, 
and such may be seen on the same spine together with the 
three lower branches. In thìs case tbc identity in nature bc- 
tween the arnis of the pcdicellariaì and tbe movcable branchcs 
of a spine, is unmistakable. It is gencrally adinitted that the or- 
dinary spines serve as a protection; and if so, there can be 
no reason to doubt that those furnished with serrated and 
moveable branches Hkewise serve for the saine purposc; and 
they would thus serve still more effectively as soon as by 
meeting together they acted as a prebensile or snapping ap- 
paratus. Thus every gradation, from an ordinary fixed spine 
to a fixed pedicellaria, would be of service. 

In certain gcnera of star-fishes these organs, iiistead o£ 
being fixed or boriie on an immovablc support, are placed on 
the summit of a flexible and muscular, though short, stem; 
and in this case they probably subserve some additional func- 
tion bcsides defence. In the sea-iirchins thc stcps can be fol- 
lowed by wbich a fixed spine becomcs articiilatcd to thc shcll, 
and is thus rendered movcable. I wish 1 had spacc herc to 
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give a fuller abstract of Mr. Agassiz’s interesting observa- 
tions on the development of the pedicellariae. All possible 
gradations, as he adds, may likewise be found between the 
pedicellariae of the star-fishes and the hooks of the Ophiuri- 
ans, another group of the Echinodermata; and again between 
the pedicellarice of sea-urchins and the anchors of the Holo- 
thuriae, also belonging to the same great class. 

Certain compound animals, or zoophytes as they have been 
termed, namely the Polyzoa, are provided with curious or- 
gans called avicularia. These differ much in structure in the 
difìferent species. In their most perfect condition, they curi- 
ously resemble the head and beak of a vulture in miniature, 
seated on a neck and capable of movement, as is likewise the 
lower jaw or mandible. In one species observed by me all the 
avicularia on the same branch often moved simultaneously 
backwards and forwards, with the lower jaw widely open, 
through an angle of about 90®, in the course of five seconds; 
and their movement caused the whole polyzoary to tremble. 
When the jaws are touched with a needle they seize it so 
firmly that the branch can thus be shaken. 

Mr. Mivart adduces this case, chiefly on account of the 
supposed difficulty of organs, namely the avicularia of the 
Polyzoa and the pedicellariae of the Echinodermata, which 
he considers as ‘^essentially similar,’’ having been developed 
through natural selection in widely distinct divisions of the 
animal kingdom. But, as far as structure is concerned, I can 
see no similarity between tridactyle pedicellariae and avicu- 
laria. The latter resemble somewhat more closely the chelae 
or pincers of Crustaceans; and Mr. Alivart might have ad- 
duced with equal appropriateness this resemblance as a special 
difficulty; or even their resemblance to the head and beak of 
a bird. The avicularia are believed by Mr. Busk, Dr, Smitt, 
and Dr. Nitsche—naturalists who have carefully studied this 
group—to be homologous with the zooids and their cells 
which compose the zoophyte; the moveable Hp or lid of the 
cell corresponding with the lower and moveable mandible of 
the avicularium. Mr. Busk, however, does not know of any 
gradations now existing between a zooid and an avicularium. 
It is therefore impossible to conjecture by what serviceable 
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grarlations the one couki have bcen convertcd into tlie other: 
but it by no mcans follows froni this that such gradations 
have not cxistcd. 

As the chelse of Crustaccans rcsemble in some degrcc thc 
avicularia of Polyzoa, both scrving as pincers, it may be 
worth while to show that with thc formcr a long scrics of 
serviceable gradations still cxists. In thc first and simplcst 
stage, the terminal segment of a limb shuts down cither on 
thc square summit of the broad pcnultimate segmcnt, or 
against one whole side; and is thus enabled to catch hold of 
an object; but the limb still scrves as an organ of locomotion. 
We next find one corncr of the broad penultimate segment 
slightly prominent, sometimes furnished with irregular teeth; 
and against these the terniinal segmcnt shuts down. By an 
increase in the size of this projcction, with its shape, as well 
as that of the terminal segmcnt, slightly modificd and im- 
proved, the pincers are rendered more and more perfect, un- 
til we have at last an instrument as efficient as the chelx of 
a lobster; and all thesc gradations can be actually traced. 

Besidcs the avicularia, the Polyzoa posscss curious organs 
called vibracula. These generally consist of long bristles, 
capable of movement and casily excited. In one specics ex- 
amined by me the vibracula were slightly curvcd and ser- 
rated along the outer margin; and all of thcm on the same 
polyzoary often moved simultancously; so that, acting like 
long oars, they swept a branch rapidly across the object- 
glass of my microscope. When a branch was placcd on its 
face, the vibracula became entangled, and they madc violent 
efforts to free themselvcs. Thcy arc supposed to scrvc as a 
defence, and may be seen, as Mr. Busk rcmarks, ‘To sweep 
slowly and carefully over the surfacc of the polyzoary. re- 
moving what might be noxìous to the delicate inhabitants of 
the cclls when their tentacula are protrudcd.’’ The avicu- 
laria, like the vibraciila, probably scrvc for dcfcncc, but they 
vho catch and kill small living animals, which it is bclicved 
a.re afterwards swept by the currcnts within rcach of the 
tentacula of the zooids. Some specics are providcd with 
avicularia and vibracula; somc with avicularia alone, and a 
few with vibracula alone. 

It is not easy to imagine two objccts more widcly different 
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in appearance than a bristle or vibraculum, and an avicu- 
larium like the head of a bird; yet they are alniost certainly 
homologous and have been developed from the same common 
source, namely a zooid with its celL Hence we can under- 
stand how it is that these organs graduate in some cases, as 
I am informed by Mr. Busk, into each other. Thus with the 
avicularia of several species of Lepralia, the moveable 
mandible is so much produced and is so like a bristle, 
that the presence of the upper or fixed beak alone serves 
to determine its avicularian nature. The vibracula may 
have been directly developed from the lips of the cells, 
without having passed through the avicularian stage; but 
it seems more probable that they have passed through this 
stage, as during the early stages of the transformation, the 
other parts of the cell with the included zooid could hardly 
have disappeared at once. In many cases the vibracula have 
a grooved support at the base, which seems to represent the 
fixed beak; though this support in some species is quite ab- 
sent. This view of the development of the vibracula, if trust- 
worthy, is interesting; for supposing that all the species pro- 
vided with avicularia had become extinct, no one with the 
most vivid imagination would ever have thought that the 
vibracula had originally existed as part of an organ,^ resem- 
bling a bird’s head or an irregular box or hood. It is inter- 
esting to see two such widely different organs developed from 
a common origin; and as the moveable lip of the cell serves 
as a protection to the zooid, there is no difficulty in believing 
that all the gradations, by which the lip became converted 
first into the lower mandible of an avicularium and then into 
an elongated bristle, likewise served as a protection in differ- 
ent ways and under different circumstances. 

In the vegetable kingdom Mr. Mivart only alludes to two 
cases, namely the structure of the flowers of orchids, and the 
movements of climbing plants. With respect to the former, 
he says, “the explanation of their ongin is deemed thoroughly 
unsatisfactory—utterly insufficient to explain the incipient, 
infinitesimal beginnings of structures which are of utility 
only when they are considerably developed.” As I have 
fully treated this subject in another work, I will here give 
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only a fcw details on one alone of the inost striking pecu- 
liarities of the flowers of orchids, namely their pollinia. A 
pollinium when highly developed consists of a mass o£ pollcn- 
grains, affixed to an elastic foot-stalk or caudicle, aiid this 
to a little mass of extremely viscid matter, The pollinia are 
by this means transported by insects from one liower to ihe 
stigina of another. In some orchids there is no caudicle to 
the pollen-niasses, and the grains are merely ticd together by 
fine threads; but as these are not confined to orchids, they 
need not here be considcred; yct I may mention that at the 
base of the orchidaceous scrics, in Cypripedium, we can see 
how the threads were probably first developed. In other 
orchids thc threads cohere at one end of the pollen-masses; 
and this forms the first or nascent trace of a caudicle. That 
this is tlie origin of the caudicle, even when of considerable 
length and highly dcveloped, we have good evidence in the 
aborted pollen-grains which can soinetimes be detected 
embedded within the central and solid parts. 

With respect to the second chief peculiarity, namely the 
little mass of viscid matter attached to the end of the caudicle, 
a long series of gradations can be specified, each of plain 
service to the plant. In most flowers belonging to other 
orders the stigma secretes a little viscid niatter. Now in cer- 
tain orchids similar viscid matter is secreted, but in much 
larger quantities by one alone of the three stignias; and this 
stigma, perhaps in consequence of the copious secretion, is 
rendered sterile. WTen an inscct visits a flower of this kind, 
it rubs off some of the viscid matter and thus at the sanie 
time drags away some of thc pollen-grains. From this 
simple condition, which differs but little froni that of a mul- 
titude of common flowers, there are endless gradations,—to 
species in which the pollen-mass terminates in a very short, 
free caudicle,—to others in which the caudicle bccomes finnly 
attached to the viscid matter, with the sterilc stigma itself 
much modified. In this latter case we have a pollininni in its 
most highly developcd and perfcct condition. He who will 
carefully examine the flowcrs of orchids for hiniself will not 
deny the existence of the above series of gradations—from a 
mass of pollcn-grains nicrely tied together by threads, with 
the stigma differing but little froin that of an ordinary llower, 
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to a highly complex pollinium, admirably adapted for trans- 
portal by insects; nor will he deny that all the gradations Ìn 
the several species are admirably adapted in relation to the 
general structure of each flower for its fertilisation by differ- 
ent insects. In this, and in almcst every other case, the en- 
quiry may be pushed further backwards; and it may be asked 
how did the stigma of an ordinary flower become viscid, but 
as we do not know the full history of any one group of be- 
ings, it is as useless to ask, as it is hopeless to attempt 
answering, such questions. 

We will now turn to climbing plants. These can be ar- 
ranged in a long series, from those which simply twine round 
a support, to those which I have called leaf-climbers, and to 
those provided with tendrils. In these two latter classes the 
stems have generally, but not always, lost the power of twin- 
ing, though they retain the power of revolving, which the 
tendrils likewise possess. The gradations from leaf-climbers 
to tendril-bearers are wonderfully close, and certain plants 
may be indifferently placed in either class. But in ascending 
the series from simple twiners to leaf-climbers, an important 
quality is added, namely sensitiveness to a touch, by which 
means the foot-stalks of the leaves or flowers, or these modi- 
fied and converted into tendrils, are excited to bend round 
and clasp the touching object. He who will read my memoir 
on these plants will, I think, admit that all the many grada- 
tions in function and structure between simple twiners and 
tendril-bearers are in each case beneficial in a high degree to 
the species. For instance, it is clearly a great advantage to 
a twining plant to become a leaf-climber; and it is probable 
that every twiner which posscssed leaves with long foot- 
stalks would have been developed into a leaf-climber, if the 
foot-stalks had possessed in any slight degree the requisite 
sensitiveness to a touch. 

As twining is the simplest means of ascending a support, 
and forms the basis of our series, it may naturally be asked 
how did plants acquire this power in an incipient degree, 
afterwards to be improved and increased through natural se- 
lection. The power of twining depends, firstly, on the stems 
whilst young being extremely flexible (but this is a character 
common to many plants which are not climbers) ; and, sec- 
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ondly, on their continually bending to all points of the com- 
pass, one after the other in succession, in the saine order. By 
this movement the stems are inclined to all sidcs, and are 
made to move round and round. As soon as the lower part 
of a stem strikes against any object and is stopped, the upper 
part still goes on bending and revolving, and thus necessarily 
twines round and up the support. The rcvolving movement 
ceases after the early growth of each shoot. As in many 
widely separated families of plants, single species and single 
genera possess the power of revolving, and have thus become 
twiners, they must have independently acquircd it, and cannot 
have inherited it from a common progenitor. Hence T was 
led to predict that some slight tendency to a moveinent of this 
kind would be found to be far froin uncommon with plants 
which did not climb; and that this had afforded the basis for 
natural selection to work on and iinprove. When I inade 
this prediction, I knew of only onc iinperfect case, namely of 
the young flower-peduncles of a Maurandia which revolved 
slightly and irregularly, like the stems of twining plants, but 
without making any use of this habit. Soon afterwards 
Fritz Miillcr discovered that the young steins of an Alisma 
and of a Linum,—plants which do not climb and are widely 
separated in the natural system,—revolved plainly, though 
irregularly; and he states that he has reason to suspect that 
this occurs with some other plants. These sHght movements 
appear to be of no service to the plants in question; anyhow, 
they are not of the least use in the way of climbing, which 
is the point that concerns us. Nevertheless we can see that 
if the stems of these plants had been flexible, and if under the 
conditions to which they are exposed it had profited them to 
ascend to a height, then the habit of slightly and irrcgularly 
revolving might have been increased and utilised through 
natural selection, until they had become converted into well- 
developed twining species. 

With respect to the sensitiveness of the foot-stalks of the 
leaves and flowers, and of tendrils, nearly the same remarks 
are applicable as in the case of the revolving inovemcnts of 
twining plants. As a vast number of spccies, belonging to 
widely distinct groups, are endowed with this kind of scnsi- 
tiveness, it ought to be found in a nascent condition in inany 


254 


ORIGIN OF SPECIES 


plants which have not become climbers. This is the case: I 
observed that the young flower-peduncles of the above Mau- 
randia curved themselves a little towards the side which was 
touched. Morren found in several species of Oxalis that the 
leaves and their foot-stalks moved, especially after exposure 
to a hot sun, when they were gently and repeatedly touched, 
or when the plant was shaken. I repeated these observations 
on some other species of Oxalis with the same result; in 
some of them the movement was distinct, but was best seen 
in the young leaves; in others it was extremely slight. It is 
a more important fact that according to the high authority 
of Hofmeister, the young shoots and leaves of all plants move 
after being shaken; and with climbing plants it is, as we 
know, only during the early stages of growth that the foot- 
stalks and tendrils are sensitive. 

It is scarcely possible that the above slight movements, due 
to a touch or shake, in the young and growing organs of 
plants, can be of any functional importance to them. But 
plants possess, in obedience to various stimuli, powers of 
movement, which are of manifest importance to them; for 
instance, towards and more rarely from the Hght,—in oppo- 
sition to, and more rarely in the direction of, the attraction 
of gravity. When the nerves and muscles of an animal are 
excited by galvanism or by the absorption of strychnine, the 
consequent movements may be called an incidental result, for 
the nerves and muscles have not been rendered specially sen- 
sitive to these stimuli. So with plants it appears that, from 
having the power of movement in obedience to certain stim- 
uli, they are excited in an incidental manner by a touch, or 
by being shaken. Hence there is no great difflculty in ad- 
mitting that in the case of leaf-climbers and tendril-bearers, 
it is this tendency which has been taken advantage of and in- 
creased through natural selection. It is, however, probable, 
from reasons which I have assigned in my memoir, that this 
will have occurred only with plants which had already ac- 
quired the power of revolving, and had thus become twiners. 

I have already endeavoured to explain how plants became 
twiners, namely, by the increase of a tendency to slight and 
irregular revolving movements, which were at first of no use 
to them; this movement, as well as that due to a touch or 
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shake, being the incidental rcsult o£ the povver of moving, 
gained for other and beneficial purposes. Whcthcr, diiring 
the gradual devclopmeiit of climbing plants, natural sclcclion 
has becn aided by the inherited effccts of usc, I will n<-t prc- 
tend to dccidc; but \ve know that ccrtain pcriodical movc- 
ments, for instance the so-called sleep of plants, are govcrncd 
by habit. 

I have now considered enough, perhaps more than enough, 
of the cases, selected with care by a skilful naturalist, to 
prove that natural selection is incompctent to account for the 
incipient stages of useful structurcs; and I have shown, as I 
hope, that thcre is no great difficulty on this head. A good 
opportunity has tlius been afforded for enlarging a little on 
gradations of structure, often associatcd with chaiiged func- 
tions,—an important subject, which was not treated at suf- 
ficient length in the former editions of this work. I will now 
briefly recapitulate the forcgoing cascs. 

With the giraffc, the continucd preservation of thc indi- 
viduals of some extinct high-rcaching ruminant, which had 
the longest necks, legs, &c., and could browse a little above 
the average height, and the continued destruction of those 
which could not browse so high, would have sufficcd for the 
production of this remarkable quadruped; but the prolonged 
use of all the parts together with inheritance will have aided 
in an important nianncr in their co-ordination. With the 
many insects which imitate various objects, there is no im- 
probability in the belief that an accidental resemblance to 
some common object was in each case the foundation for the 
work of natural selection, since perfected through the occa- 
sional preservation of slight variations which madc the rc- 
semblance at all closer; and this will have bccn carried on 
as long as the insect confinued to vary, and as long as a more 
and more perfect resemblance Icd to its escapc froin sharp- 
sighted enemies. In certain species of whales therc is a tcn- 
dency to the formation of irregular little points of horn on 
the palate; and it seems to be quite within thc scopc of nat- 
ural selection to preserve all favourablc variations, until the 
points were converted first into lanicllatcd knobs or teeth, 
like those on the beak of a goosc,—thcn into short laiuclla'. 


256 


ORIGIN OF SPECIES 


like those of the domestic drxks—and then into lamellie, as 
perfect as those of the shoveller-duck,—and fìnally into the 
gigantic plates of baleen, as in the mouth of the Greenland 
whale. In the family of the ducks, the lamellie are fìrst used 
as teeth, then partly as teeth and partly as a sifting ap- 
paratus, and at last almost exclusively for this latter purpose. 

With such structures as the above lamellae of horn or whale- 
bone, habit or use can have done little or nothing, as far as 
we can judge, towards their development. On the other 
hand, the transportal of the lower eye of a flat-fish to the 
upper side of the head, and the formation of a prehensile tail, 
may be attributed almost wholly to continued use, together 
with inheritance. With respect to the mammae of the higher 
animals, the most probable conjecture is that primordially 
the cutaneous glands over the whole surface of a marsupial 
sack secreted a nutritious fluid; and that these glands were 
iinproved in function through natural selection, and concen- 
trated into a confined area, in which case they would have 
formed a mamma. There is no more difficulty in under- 
standing how the branched spines of some ancient Echino- 
derm, which served as a defence, became developed through 
natural selection into tridactyle pedicellarise, than in under- 
standing the development of the pincers of crustaceans, 
through slight, serviceable modifications in the ultimate and 
penultimate segments of a limb, which was at first used solely 
for locomotion. In the avicularia and vibracula of the 
Polyzoa we have organs widely different in appearance de- 
veloped from the same source; and with the virbracula we 
can understand how the successive gradations might have 
been of service. With the pollinia of orchids, the threads 
which originally served to tie together the pollen-grains, can 
be traced cohering into caudicles; and the steps can likewise 
be followed by which viscid matter, such as that secreted by 
the stigmas of ordinary flowers, and still subserving nearly 
but not quite the same purpose, became attached to the free 
ends of the caudicles;—all these gradations being of mani- 
fest benefit to the plants in question. With respect to climb- 
ing plants, I need not repeat what has been so lately said. 

It has often been asked, if natural selection be so potent, 
why has not this or that structure been gained by certain 
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’species, to which it would apparently have been advantage- 
ous? But it is unreasonable to expect a prccise answer to 
such questions, considering our ignorancc of the past history 
of each species, and of the conditions which at the prcscnt 
day determine its numbers and range. In most cascs only 
general reasons, but in some few cases spccial reasons, can 
be assigned. Thus to adapt a species to new habits of lifc, 
many co-ordinated modifìcations are almost indispensablc, 
and it may often have happened that the requisite parts did 
not vary in the right manner or to thc right dcgrec. !\Iany 
species must have bcen preventcd from incrcasing’in numbcrs 
through destructivc agencies, which stood in no relation to 
certain structures, which we imaginc would have been gained 
through natural selection from appearing to us advantageous 
to the species. In this case, as the strugglc for life did not 
depend on such structures, they could not have been acquired 
through natural selection. In many cases complex and long- 
enduring conditions, often of a peculiar nature, arc necessary 
for the development of a structurc; and the rcquisite con- 
ditions may seldom have concurrcd. The belicf that any 
given structure, which we think, often erroneously, would 
have been beneficial to a species, would havc becn gaincd 
under all circumstances through natural selection, is opposcd 
to what we can understand of its manner of action. Mr. 
Mivart does not deny that natural selection has cffected 
something; but he considers it as ‘'demonstrably insufiìcicnt” 
to account for the phenomcna which I explain by its agency. 
His chief arguments have now been considercd, and the 
others will hereafter be considered. Thcy sccm to mc to par- 
take little of the character of dcmonstration, and to havc 
little weight in comparison with thosc in favoiir of thc power 
of natural selection, aided by the other agcncics often speci- 
fied. I am bound to add, that somc of the facts aiid argu- 
ments here used by me, have bccn advanced for thc sainc 
purpose in an able article lately publishcd in the ‘Medico- 
Chirurgical Review.' 

At thc prcscnt day almost all naturalists admit cvolution 
undcr some form. Mr. Mivart bclievcs that specics change 
through “an internal force or tendency,” about which it is 
not pretendcd that anything is known. That specics have a 
I IIC XI 
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capacìty for change will be admitted by all evolutionists; but 
there is no need, as it seems to me, to invoke any internal 
force beyond the tendency to ordinary variability, which 
through the aid of selection by man has given rise to many 
well-adapted domestic races, and which through the aid of 
natural selection would equally well give rise by graduated 
steps to natural races or species. The final result will gen- 
erally have been, as already explained, an advance, but in 
some few cases a retrogression, in organisation. 

Mr. Mivart is further inclined to believe, and some nat- 
uralists agree with him, that new species manifest themselves 
“with suddenness and by modifications appearing at once.’’ 
For instance, he supposes that the differences between the 
extinct three-toed Hipparion and the horse arose suddenly. 
He thinks it difficult to believe that the wing of a bird ''was 
developed in any other way tban by a comparatively sudden 
modification of a marked and important kind;'’ and appa- 
rently he would extend the same view to the wings of bats 
and pterodactyles. This conclusion, which implies great 
breaks or discontinuity in the series, appears to me improb- 
able in the highest degree. 

Every one who believes in slow and gradual evolution, wiil 
of course admit that specific changes may have been as abrupt 
and as great as any single variation which we meet with 
under nature, or even under domestication. But as species 
are more variable when domesticated or cultivated than under 
their natural conditions, it is not probable that such 
great and abrupt variations have often occurred under 
nature, as are known occasionally to arise under domestica- 
tion. Of these latter variations several may be attributed to 
reversion; and the characters which thus reappear were, it 
is probable, in many cases at first gained in a gradual man- 
ner. A still greater number must be called monstrosities, 
such as six-fingered men, porcupine men, Ancon sheep, Niata 
cattie, &c. ; and as they are widely dififerent in character from 
natural species, they throw very little light on our subject. 
Excluding such cases of abrupt variations, the few which re- 
main would at best constitute, if found in a state of nature, 
doubtful species, closely related to their parental types. 

My reasons for doubting whether natural species have 
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changed as abruptly as have occasioiially doniestic races, and 
for entirely disbelieving that they have changed in thc won- 
derful manner indìcated by Mr. Mivart, are as follows. Ac- 
cording to our experience, abrupt and strongly marked vari- 
ations occur in our domesticated productions, singly and at 
rather long intcrvals of tiinc. If such occurred uiider na- 
ture, they would be liable, as formerly explained, to be lost 
by accidental causes of destruction and by subsequent inter- 
crossing; and so it is known to be under domestication, un- 
less abrupt variations of this kind are specially preserved and 
separated by the care of nian. Hence in order ihat a new 
species should suddenly appear in the manner supposed by 
Mr. Mivart, it is almost necessary to believe, in opposition to 
all analogy, that several wonderfully changed individuals 
appeared simultaneously within the same district. This dif- 
ficulty, as in the case of unconscious selection by man, is 
avoided on the theory of gradual evolution, through the pres- 
ervation of a large nuniber of individuals, which varicd more 
or less in any favourable direction, and of the destruction of 
a large number which varied in an opposite manner. 

That many species have been evolved in an extremely 
gradual manner, there can hardly be a doubt. The species 
and even the genera of many large natural families are so 
closely allied together, that it is difficult to distinguish not a 
few of them. On every continent in proceeding from north 
to south, from lowland to upland, &c., we meet with a host 
of closely related or representative species; as we likewise 
do on certain distinct continents, which we have reason to 
believe were formerly connected. But in making thesc and 
the following remarks, I am compelled to allude to subjocts 
hereafter to be discussed. Look at the many outlying islands 
round a continent, and see how many of their inhabitants can 
be raised only to the rank of doubtful species. So it is if wo 
look to past times, and compare the species wliicli havc jiist 
passed away with those still living within the saino areas: or 
if we compare the fossil species einbeddod in tlie sub-stagcs 
of the same geological formation. It is indood manifost thai 
multitudes of spccies are rclatcd in the closcst maiuicr to 
other species that still cxist, or have lately cxistod; aiul it will 
hardly be maintained that such spccios havo boon dovolopcd 
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in an abrupt or sudden manner. Nor should it be forgotten, 
when we look to the special parts of allied species, instead of 
to distinct species, that numerous and wonderfully fine grada- 
tions can be traced, connecting together widely different 
structures. 

Many large groups of facts are intellìgible only on the 
principle that species have been evolved by very small steps. 
For instance, the fact that the specìes included in the larger 
genera are more closely related to each other, and present a 
greater number of varieties than do the species in the smaller 
genera. The former are also grouped in little clusters, like 
varieties round species; and they present other analogies with 
varieties, as was shown in our second chapter. On this same 
principle we can understand how it is that specific characters 
are more variable than generic characters; and how the parts 
which are developed in an extraordinary degree or manner 
are more variable than other parts of the same species. 
Many analogous facts^ all poìnting in the same directìon, 
could be added. 

Although very many species have almost certainly been 
produced by steps not greater than those separating fine vari- 
eties; yet it may be maintained that some have been devel- 
oped in a different and abrupt manner. Such an admission, 
however, ought not to be made without strong evidence being 
assigned. The vague and in some respects false analogies, 
as they have been shown to be by Mr. Chauncey Wright, 
which have been advanced in favour of this view, such as the 
sudden crystallìsation of inorganic substances, or the falling 
of a facetted spheroid from one facet to another, hardly de- 
serve consideration. One class of facts, however, namely, the 
sudden appearance of new and distinct forms of life in our geo- 
logìcal formations supports at first sight the belief in abrupt 
development. But the value of this evidence depends entirely 
on the perfection of the geological record, in relation to 
periods remote in the history of the world. If the record is 
as fragmentary as many geologists strenuously assert, there 
is nothing strange in new forms appearing as if suddenly 
developed, 

Unless we admit transformations as prodigious as those 
advocated by Mr. Mivart, such as the sudden development of 
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the wings of birds or bats, or the sudden conversion of a 
Hipparion into a horse, hardly any light is throwii by tlic be- 
lief in abrupt modifications on the deficiency of connecting 
links in our geological formations. But against tlie belief in 
such abrupt changes, embryology enters a strong protest, Jt 
is notorious that thc wings of birds and bats, and the legs of 
horses or other quadrupcds, are undistinguishable at an early 
embryonic period, and that they become differentiated by in- 
sensibly fine steps. Enibryological rescmblances of all kinds 
can be accounted for, as we shall hereafter sce, by the pro- 
genitors of our existing species having varied after early 
youth, and having transmitted their newly acquired char- 
acters to their offspring, at a corresponding age. The eni- 
bryo is thus left almost unaffected, and serves as a record of 
the past condition of the species. Ilence it is that cxisting 
species during the early stagcs of their development so often 
resemble ancient and extinct forms belonging to the same 
class. On this view of the ineaning of embryological resem- 
blances, and indeed on any view, it is incredible that an ani- 
mal should have undergone such momcntous and abrupt trans- 
formations, as those above indicated; and yet should not bear 
even a trace in its embryonic condition of any suddcn modi- 
fication; every detail in its structure bcing developed by in- 
sensibly fine steps. 

He who believes that some ancient forin was transformed 
suddenly through an internal force or tendency into, for in- 
stance, one furnislied with wings, will be almost compelled 
to assunie, in opposition to all analog)% that many individuals 
varied siniultaneousl}^ It cannot be denied that such abrupt 
and great changes of structure are widcly different froin 
those which most spccies apparently have undergone. He 
will further be compelled to believe that many structures 
beautifully adapted to all the othcr parts of the same creature 
and to the siirrounding conditions, have been suddenly pro- 
duced; and of such complcx and wonderful co-adaptations, 
he will not be able to assign a shadow of an explanation. 
He will be forced to admit tliat these great and sudden trans- 
formations have left no tracc of their action on thc einbryo. 
To admit all this is, as it seems to ine, to enter into the 
realms of miracle, and to leave those of Scicncc. 


CHAPTER VIII 
Instinct 


Instincts comparable with habits, but dìfferent in theìr origin—In- 
stincts graduated—Aphides and ants—Instincts variable—Do- 
mestic instincts, their origin—Natural instincts of the cuckoo, 
molothrus, ostrich, and parasitic bees—Slave-making ants —Hive- 
bee, its cell-making instinct—Changes of instinct and structure 
not necessarily simultaneous—Difficulties of the theory of the 
Natural Selection of instincts—Neuter or sterile insects— 
Summary. 

ANY instincts are so wonderful that their develop- 



ment will probably appear to the reader a difhculty 


sufhcient to overthrow my whole theory. I may 


here premise, that I have nothing to do wìth the origin of 
the mental powers, any more than I have wìth that of life 
itself. \Ve are concerned only with the diversities of instinct 
and of the other mental faculties in animals of the same class. 

I will not attempt any dcfinition of instinct. It would be 
easy to show that several distinct mental actions are com- 
monly embraced by this term; but every one understands 
what is meant, when it is said that instinct impels the cuckoo 
to migrate and to lay her eggs in other birds’ nests. An ac- 
tion, which we ourselves require experience to enable us to 
perform, when performed by an animal, more especially by a 
very young one, without experìence, and when performed by 
many individuals in the same way, without their knowing 
for what purpose it is performed, is usually said to be in- 
stinctive. But I could show that none of these characters 
are universal. A little dose of judgment or reason, as Pierre 
Huber expresses it, often comes into play, even with animals 
low in the scale of nature. 

Frederick Cuvier and several of the older metaphysicians 
have compared instinct with habit. This comparison gives, 
I think, an accurate notion of the frame of mind under 
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which an instinctive action is pcrformcd, but not neccssarily 
of its origin. How iniconsciously niany liabitual actions arc 
performed, indeed not rarcly in direcl opjjosition to our con- 
scious will! yct they may be modificd by the will or reason. 
Habits easily bccome associatcd with othcr habits, with ccr- 
tain pcriods of time, and statcs of the body. When once 
acquired, they often remain constant througliout life. Sev- 
eral other points of resemldance betwcen iiistincts and habits 
could be pointcd out. As in repeating a \vcll-known song, so 
in instincts, one action follows another by a sort of rhythm; 
if a person bc interrupted in a song, or in repcating anything 
by rote, he is gencrally forccd to go back to recovcr the 
habitual train of thought; so P. Hubcr found it was with a 
catcrpillar, which makes a very complicatcd hammock; for if 
he took a caterpillar which had completed its hammock up to, 
say, thc sixth stage of construction, and put it into a ham- 
mock completed up only to the third stagc, the caterpillar 
simply re-performed the fourth, fifth, and sixth stages of 
construction. If, however, a caterpillar were taken oiit of a 
hammock made up, for instance, to the third stage, and were 
put into one finished up to thc sixth stage. so that mnch of 
its work was already done for it, far from deriving any bcne- 
fit from this, it was much embarrassed, and in order to com- 
plcte its hammock, seemed forccd to start from thc third 
stage, where it had left off, and thus tricd to complete the 
already finished work. 

If we suppose any habitual action to become inherited—and 
it can be shown that this does sometimes happen—then the 
resemblance bctwcen what originally was a habit aiul an in- 
stinct bec.omes so closc as not to bc distinguished. If Mozart, 
instead of playing the pianoforte at three ycars old with won- 
derfully litde practice, had played a tune with no practice at 
all, he might truly be said to have done so instinctively. Biit 
it would be a serious error to supposc that the greater num- 
ber of instincts have becn acquired by habit in one gencra- 
tion, and then transmitted by inhcritance to succceding gen- 
erations. It can be clearly shown that the most wondcrful 
instincts wìth which we are acquaintcd, naincly. ihosc ol the 
hive-bce and of many ants, could not oossibly havc bccn ac- 
quired by habit. 
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It will be universally admitted that instincts are as im^ 
portant as corporeal structures for the welfare of each spe- 
cies, under its present conditions of life. Under changed con- 
ditions of life, it is at least possible that slight modifications 
of instinct might be profitable to a species; and if it can be 
shown that instincts do vary ever so little, then I can see no 
difficulty in natural selection preserving and continually accu- 
mulating variations of instinct to any extent that was profit- 
able. It is thus, as I believe, that all the most complex and 
wonderfui instincts have originated. As modifications of 
corporcal structure arise from, and are increased by, use or 
habit, and are diminished or lost by disuse, so I do not doubt 
it has been with instincts. But I belicve that the effects of 
habit are in many cases of subordinate importance to the 
effects of the natural selection of what may be called spon- 
taneous variations of instincts;—that is of variations pro- 
duced by the same unknown causes which produce slight 
deviations of bodily structure. 

No complex instinct can possibly be produced through 
natural selection, except by the slow and gradual accumula- 
tion of numerous slight, yet profitable, variations. Hence, as 
in the cases of corporeal structures, we ought to find in 
nature, not the actual transitional gradations by which each 
complex instinct has been acquired—for these could be found 
only in the lineal ancestors of each species—but we ought to 
find in the collateral lines of descent some evidence of such 
gradations; or we ought at least be able to show that grada- 
tions of some kind are possible; and this we certaìnly can do. 
I have been surprised to find, making allowance for the in- 
stincts of animals having been but little observed except in 
Europe and North America, and for no instinct being known 
amongst extinct species, how very generally gradations, lead- 
ingtothe most complex instincts, can be discovered. Changes 
of instinct may sometimes be facilitatcd by the same species 
having dift'erent instincts at difìferent periods of life, or at 
differcnt seasons of the year, or when placed under different 
circumstances, &c.; in which case either the one or the other 
instinct might be preserved by natural selection. And such 
instances of diversity of instinct in the same species can be 
shown to occur in nature. 
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Again, as in the case of corporeal structure, and conform- 
ably to my theory, the instinct of each species is good for 
itself, but has never, as far as we can judgc, becn produced 
for tlìc cxclusive good of othcrs. Onc of the strongest in- 
stances of an animal apparently perforniing an action for the 
sole good of anotber, with wliich I am acquaintcd, is tliat of 
aphides voluntarily yiclding, as was first observcd by Ilubcr, 
their sweet excrction to ants: that thcy do so voluntarily, thc 
following facts show. I rcmoved all thc ants from a group 
of about a dozen aphides on a dock-plant, and prcvented thcir 
attendance during scvcral hours. Aftcr this intcrval, I fclt 
sure that the aphides would want to cxcrete. I watchcd thcm 
for some time through a Icns, but not one excrctcd; I then 
tickled and stroked thcm with a hair in thc samc manncr, as 
well as I could, as the ants do with thcir antcnn?e; but not onc 
excreted. Afterwards I allowed an ant to visit thcm, and it 
immediately seemed, by its eagcr way of running about. to be 
well aware what a rich flock it had discovered: it thcn bcgan 
to play with its antenn?e on the abdonien first of onc aphis and 
then of another; and each, as soon as it fclt the antennre, 
immediately lifted up its abdomen and cxcretcd a limpid drop 
of sweet juice, which was eagerly dcvoured by thc ant. Evcn 
the quite young aphides bchavcd in this manncr, showing that 
thc action was instinctivc, and not the rcsult of cxpcricncc. 
It is certain, from the observ^ations of Ilubcr, that thc aphidcs 
show no dislike to the ants: if thc latter be not prcscnt thcy 
arc at last compelled to cjcct thcir excrction. But as the ex- 
cretion is extremely viscid, it is no doubt a convcniencc to 
the aphidcs to have it removed; thcrcfore probably they do 
not excrete solely for the good of the ants. Although thcrc 
is no evidence that any animal perfonns an action for thc 
cxclusive good of another specics, yct each tries to take ad- 
vantage of the instincts of others, as each takcs advantagc 
of the \veaker bodily structurc of other spccics. So agaiii 
certain instincts cannot be considcrcd as absolutely pcrfcct; 
but as details on this and other such points arc not indis- 
pensablc, they may be here passcd ovcr. 

As some degrce of variation in instincts undcr a slatc of 
nature, and the inheritance of such variatioiis. arc iiidis- 
pensable for the action of natural sclcctiou, as inany instances 
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as possible ought to bc given ; but want o£ space prevents me. 
I can only assert that instincts certainly do vary—for in- 
stance, the migratory instinct, both in extent and direction, 
and in its total loss. So it is with the nests of birds, which 
vary partly in dependence on the situations chosen, and on 
the nature and temperature of the country inhabited, but 
often from causes wholly unknown to us: Audubon has given 
several remarkable cases of differences in the nests of the 
same species in the northern and southern United States. 
Why, it has been asked, if instinct be variable, has it not 
granted to the bee “the ability to use some other material 
when wax was deficient”? But what other natural material 
could bees use ? They will work, as I have seen, with wax 
hardened with vermilion or softened with lard. Andrew 
Knight observed that his bees, instead of laboriously collect- 
ing propolis, used a cement of wax and turpentine, with 
which he had covered decorticated trees. It has lately beeu 
shown that bees, instead cf searching for pollen, will gladly 
use a very difìferent substance, namely oatmeal. Fear of any 
particular enemy is certainly an instinctive quality, as may 
be seen in nestling birds, though it is strengthened by experi- 
ence, and by the sight of fear of the same enemy in other 
animals. The fear of man is slowly acquired, as I have else- 
where shown, by the various animals which inhabit desert 
islands ; and we see an instance of this even in England, in 
thc greater wildness of all our large birds in comparison with 
our small birds; for the large birds have been most persecuted 
by man. We may safely attribute the greater wildness of our 
large birds to this cause; for in uninhabited islands large birds 
are not more fearful than small; and the magpie, so wary in 
England, is tame in Norway, as is the hooded crow in Egypt. 

That the mental qualities of animals of the same kind, born 
in a state of nature, vary much, could be shown by many 
facts. Several cases could also be adduced of occasional and 
strange habits in wild animals, which, i£ advantageous to the 
species, might have given rise, through natural selection, to 
new instincts. But I am well aware that these general state- 
ments, without the facts in detail, will produce but a feeble 
efifect on the reader's mind. I can only repeat my assurance, 
that I do not speak without good evidence. 
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INHERITED CHANGES OF IIABIT OR INSTINCT IN 
DOMESTICATED ANIMALS 

The possibility, or cven probability, of inhcritcd variations 
of instinct in a state of natiirc will be strengthened by bricfly 
considering a few cases tindcr domestieation. We shall thus 
bc enablcd to see the part which habit and thc selcction of so- 
called spontaneous variations havc playcd in modifying tlie 
incntal qualities of our domestic animals. It is iiotorious 
how much domestic animals vary in their mental qualitics. 
With cats, for instance, one naturally takes to catching rats, 
and another mice, and these tcndencies are known to bc in- 
herited. One eat, according to Mr. St. John, ahvays brought 
home game-birds, anothcr hares or rabbits, and anothcr 
hunted on marshy ground and almost nightly caught wood- 
cocks or snipes. A number of curious and authentic instances 
could be given of various shades of disposition and of tastc, 
and likewise of the oddest tricks, associated with certain 
frames of mind or periods of time, bcing inherited. But let 
us look to the familiar case of the brceds of the dogs: it can- 
not be doubted that young pointers (T have mvself seen a 
striking instance) will sometimes point and cven back other 
dogs thc very first time that they are lakcn out: retrieving 
is certainly in some degree inherited by rctrievers; and a ten- 
dency to run round, instcad of at, a flock of sheep, bv shep- 
herd dogs. I cannot sce that thesc actions. performcd without 
experience by the young, and in ncarly the same manner bv 
each individual, performed with eager delight bv each brced, 
and without the end being known—for tlie ycung poiritrr cnn 
no more know that Iie points to aid his master, than tlie white 
butterfly knows why she lays her eggs on the leaf of ihe cab- 
bage—I cannot see that these actions differ essentially from 
true instincts. Tf we were to bchold one kind of wolf, when 
young and without any training, as soon as it scented its prey. 
stand motionlcss like a statue, and tlien slowly crawl forward 
with a peeuliar gait; and another kind of wr lf rushing round, 
instead of at, a herd of decr, and driving tlu m to a distant 
point, we should assuredly call th ^ - actions instinctivc. 
Domestic instincts, as thcy may bc calk<l. are certainly far 
less fixcd than natural instincts; but they liavc heen acted on 
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by far less rigorous selectìon, and have been transmltted for 
an incomparably shorter period, under less fixed conditions 
of life. 

How strongly these domestic instincts, habits, and disposi- 
tions are inherited, and how curiously they become mingled, 
is well shown when different breeds of dogs are crossed. 
Thus it is known that a cross with a bull-dog has affected for 
many generations the courage and obstinacy of greyhounds; 
and a cross with a greyhound has given to a whole family of 
shepherd-dogs a tendency to hunt hares. These domestic in- 
stincts, when thus tested by crossing, resemble natural in- 
stincts, which in a like manner become curiously blended 
together, and for a long period exhibit traces of the instincts 
of either parent: for example, Le Roy describes a dog, whose 
great-grandfather was a wolf, and this dog showed a trace 
of its wild parentage only in one way, by not coming in a 
straight line to his master, when called. 

Domestic instincts are sonietimes spoken of as actions which 
have become inherited solely from long-continued and com- 
pulsory habit; but this is not true. No one would ever have 
thought of teaching, or probably could have taught, the 
tumbler-pigeon to tumble,—an action which, as I haye wit- 
nessed, is performed by young birds, that have never seen a 
pigeon tumble. We may believe that some one pigeon showed 
a slight tendency to this strange habit, aiid that the long- 
continued selection of the best individuals in successive gen- 
erations made tumblers what they now are; and near Glasgow 
there are house-tumblers, as I hear from Mr. Brent, which 
cannot fly eighteen inches high without going head over 
heels. It niay be doubted whether any one would have 
thought of training a dog to point, had not some one dog 
naturally shown a tendency in this line; and this is known 
occasionally to happen, as I once saw, in a pure terrier: the 
act of pointing is probably, as many have thought, only the 
exaggerated pause of an animal preparing to spring on its 
prey. When the first tendency to point was once displayed, 
methodical selection and the inherited effects of compulsory 
training ìn each successive generation would soon complete 
the work; and unconscious selection is still in progress, as 
each man tries to procure, without intending to improve the 
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breed; dogs which stand and hunt bcst. On the othcr hand, 
hablt alone in some cases has sufficed; hardly any animal is 
more difficult to tame than thc young of the wild rabbit; 
scarcely any animal is tamer than thc young of the tame rab- 
bit; but I can hardly suppose that domcstic rabbits havc often 
been selected for tameiicss alone; so that we must attributc at 
least the greater part of the inherited change from extreme 
wildness to extreme tameness, to habit and long-continucd 
close confìnement. 

Natural instincts are lost under domestication: a remark- 
able instance of this is seen in those breeds of fowls which 
very rarely or never become “broody,’' that is, never wish to 
sit on their eggs. Familiarity alone prcvents our seeing how 
largely and how permanently the mlnds of our domestic ani- 
mals have bcen modified. It is scarcely possible to doubt that 
the love of man has become instlnctive in the dog. All wolves, 
foxes, jackals, and species of the cat genus, when kept tame, 
are most eager to attack poultry, sheep, and pigs; and this 
tendency has been found incurable in dogs which have been 
brought home as puppies from countries such as Tierra del 
Fuego and Australia, where the savages do not keep these 
domestic animals. How rarely, on the other hand, do our 
civilised dogs, even when quite yoiing, requirc to be taught 
not to attack poultry, sheep, and pigs ! No doubt they occa- 
sionally do make an attack, and are then beaten; and if not 
cured, they are destroyed; so that hablt and some degree of 
selection have probably concurred in clvlllslng b}^ inheritance 
our dogs. On the other hand, young chickcns have lost, 
wholly by habit, that fear of the dog and cat which no doiibt 
was orìginally instinctive in thcm; for I am informed by 
Captain Hutton that the young chìckens of the parcnt-stock, 
the Gallus bankiva, when reared in Tndia iinder a hen, are at 
first excessively wild. So it is with young pheasants reared 
in England under a hen. It Ìs not that chickens have lost all 
fear, but fear only of dogs and cats, for if the hen gives the 
danger-chuckle, thev will run (more especially yoiing tur- 
keys) from imder her, and conceal themselves in tlie sur- 
rounding grass or thickets; and this is evidently donc for tlic 
instinctive purpose of allowing, as we sce in wild ground- 
birds, their mother to fly away. But this iiistinct rctaiiied by 
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our chickens has become useless under domestication, for the 
mother-hen has almost lost by disuse the power of flight. 

Hence, we may conclude, that under domestication instincts 
have been acquired, and natural instincts have been lost, 
partly by habit, and partly by man selecting and accumulating, 
during successive generations, peculiar meiital habits and ac- 
ticns, which at first appeared from what we must in our 
ignorance call an accident. In some cases compulsory habit 
alone has sutficed to produce inherited mental changes; in 
other cases, compulsory habit has done nothing, and all has 
been the result of selection, pursued both methodically and 
unconsciously: but in most cases habit and selection have 
probably concurred. 

SPECIAL INSTINCTS 

We shall, perhaps, best understand how instincts in a state 
of nature have become modified by selection, by considering 
a few cases. I will select only three, — namely, the instinct 
which leads the cuckoo to lay her eggs in other birds’ nests; 
the slave-niaking instinct of certain ants; and the cell-making 
power of the hive-bee. These two latter instincts have gener- 
ally and justly been ranked by naturalists as the most won- 
derful of all known instincts. 

Instincts of the Ciickoo . —It is supposed by some naturalists 
that the more immediate cause of the instinct of the cuckoo 
is, that she lays her eggs, not daily, but at intervals of two 
or three days; so that, if she were to make her own nest and 
sit on her own eggs, those first laid would have to be left for 
some time unincubated, or there would be eggs and young 
birds of different ages in the same nest. If this were the 
case, the process of laying and hatching might be inconveni- 
ently long, more especially as she migrates at a very early 
period; and the first hatched young would probably have to 
be fed by the male alone. But the American cuckoo is in this 
predicament; for she makes her own nest, and has eggs and 
young successively hatched, all at the same time. Tt has been 
both asserted and denied that the American cuckoo occasion- 
ally lays her eggs in other birds’ nests; but I have lately heard 
from Dr. Merrell, of lowa, that he once found in Illinois a 
young cuckoo together with a young jay in the nest of a Blue 
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jay (Garruliis cristatus) ; aiid as botli wcrc ncarl> full feath* 
ercd, there could bc no mistakc in thcir identificaticn. I could 
also give several instanccs of varioiis birds which have been 
known occasionally to lay thcir eggs in other birds’ ncsts. 
Now lct us suppose that the ancicnt progcnitor of our Euro- 
pean cuckoo had thc habits of the xVmcrican ciickoo, and that 
slie occasionally laid an cgg in anothcr bird’s nest. If thc 
old bird profìted by this occasional habitthrough beingcnablcd 
to migratc earlicr or through any other cause; or if thc young 
were madc morc vigorous by advantage bcing taken of the 
mistaken instinct of anotlicr spccics than whcn rcared by their 
own mother, encumbercd as she could hardly fail to be by 
having eggs and young of diffcrcnt agcs at the same time; 
then the old birds or the fostcrcd young would gain an ad- 
vantage. And analogy would Icad us to bclicvc, that thc 
young thus reared would be apt to foHow by inheritance the 
occasional and aberrant habit of thcir mother, and in their 
turn would be apt to lay their eggs in other birds' nests, and 
thus be more successful in rearing their young. By a con- 
tinued process of this nature, I bclieve that the strange in- 
stinct of our cuckoo has been gencrated. It has, also, re- 
cently been ascertained on sufficicnt evidence, by Adolf 
MiiIIer, that the cuckoo occasionally lays her eggs on the bare 
ground, sits on them, and feeds her young, This rare event is 
probably a case of reversion to the long-lost, aboriginal in- 
stinct of nidificatìon. 

It has been objected that I have not noticed other related 
instincts and adaptations of structurc in the cuckoo, which 
are spoken of as necessarily co-ordinated. But in all cases, 
speculation on an instinct known to us only in a single spccics, 
is useless, for wc have hitherto had no facts to guide us. 
Until recently the instincts of the European and of the non- 
parasitic American cuckoo alonc wcrc known; now, owing to 
Mr. Ramsay’s observations, we havc learnt somcthing about 
three Australian species, which lay their cggs in other birds' 
nests. The chicf points to be refcrrcd to arc thrce: first, that 
the common cuckoo, with rarc cxccptions, lays only onc cgg 
in a nest, so that tlie large and voracious young bird rcceivcs 
ample food. Secondly, that thc cggs arc rcmarkably small, 
not excecding those of the skylark,—a bird aboiit onc-fourth 


272 


ORIGIN OF SPECIES 


as large as the cuckoo. That the small size of the egg ìs a 
real case of adaptatìon we may infer from the fact of 
the non-parasitic American cuckoo laying full-sized eggs. 
Thirdly, that the young cuckoo, soon after birth, has the in- 
stinct, the strength, and a properly shaped back for ejecting 
its foster-brothers, which then perish from cold and hunger. 
This has been boldly called a beneficial arrangement, in order 
that the young cuckoo may get sufficient food, and that its 
foster-brothers may perish before they had acquired much 
feeling! 

Turning iiow to the Australian species; though these birds 
generally lay only one egg in a nest, it is not rare to find two 
and even three eggs in the same nest. In the Bronze cuckoo 
the eggs vary greatly in size, from eight to ten lines in length. 
Now if it had been of an advantage to this species to have 
laid eggs even smaller than those now laid, so as to have de- 
ceived certain foster-parents, or, as is more probable, to have 
been hatched within a shorter period (for it is asserted that 
there is a relation between the size of eggs and the period of 
their incubation), then there is no difficulty in believing that 
a race or species might have been formed which would have 
laid smaller and smaller eggs; for these would have been 
more safely hatched and reared. Mr. Ramsay remarks that 
two of the Australian cuckoos, when they lay their eggs in 
an open nest, manifest a decided preference for nests con- 
taining eggs similar in colour to their own. The European 
species apparently manifests some tendency towards a similar 
instinct, but not rarely departs from it, as is shown by her 
laying her dull and pale-coloured eggs in the nest of the 
Hedge-warbler with bright greenish-blue eggs. Had our 
cuckoo invariably displayed the above instinct, it would as- 
suredly have been added to those which it is assumed must 
all have been acquired together. The eggs of the Australian 
Bronze cuckoo vary, according to Mr. Ramsay, to an ex- 
traordinary degree in colour; so that in this respect, as well 
as in size, natural selection might have secured and fixed any 
advantageous variation. 

In the case of the European cuckoo, the offispring, of the 
foster-parents are commonly ejected from the nest within 
three days after the cuckoo is hatched; and as the latter at 
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thls age is in a most hclpless condition, Mr. Gould was for- 
merly inclined to believe that the act of ejection was per- 
formed by the foster-parents themselves. But he has now rc- 
ceived a trustworthy account of a young cuckoo which was 
actually seen, whilst still blind and not able even to hold up 
its own head, in the act of ejecting its foster-brothers. One 
of these was replaced in the nest by the observer, and was 
again thrown out, With rcspcct to the means by which this 
strange and odious instinct was acquired, if it were of great 
importance for the young cuckoo, as is probably the case, to 
receive as much food as possible soon after birth, I can see 
no special difficulty in its having gradually acquired, during 
successivc generations, the blind desire, the strength, and 
structure necessary for the work of ejection; for those young 
cuckoos which had such habits and structure best developed 
would be the most securely rcarcd. The first step towards 
the acquisition of the proper instinct might have been mere 
unintentional rcstlcssness on the part of the young bird, when 
somewhat advanccd in age and strength; the habit having 
been afterwards improved, and transmitted to an carlier age. 
I can see no more difficulty in this, than in the unhatched 
young of other birds acquiring the instinct to break through 
their own shells;—or than in young snakcs acquiring in their 
upper jaws, as Owen has remarked, a transitory sharp tooth 
for cutting through the tough cgg-shell. For if cach part is 
liable to individual variations at all ages, and the variations 
tcnd to bc inherited at a corresponding or earlier age,—propo- 
sitions which cannot bc disputed,—then the instincts and 
structure of the young could be slowly modified as surely as 
those of the adult; and both cases must stand or fall together 
w'ith the whole thcory of natural sclection. 

Some spccies of Molothrus, a widely distinct genus of 
American birds, allied to our starlings, have parasitic habits 
like those of the cuckoo; and thc spccies present an interest- 
ing gradation in the perfection of their instincts. The sexes 
of Molothrus badius are statcd by an cxcellent obscrver, Mr. 
Hudson, sometimcs to live promiscuously togcther in flocks, 
and sometinies to pair. They cithcr build a nest of their ow'ii, 
or seize on onc bclonging to somc othcr bird, occasionally 
throwing out the nestlings of the stranger. Thcy cither lay 
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their eggs in the nest thus appropriated, or oddly enough build 
one for themselves on the top of it. They usually sit on their 
own eggs and rear their own young; but Mr. Hudson says it 
is probable that they are occasionally parasitic, for he has 
seen the young of this species following old birds of a distinct 
kind and clamouring to be fed by them. The parasitic habits 
of another species of Molothrus, the M. bonariensis, are much 
more highly developed than those of the last, but are still far 
from perfect. This bird, as far as it is known, invariably 
lays its eggs in the nests of strangers; but it is remarkable 
that several together sometimes commence to build an irregu- 
lar untidy nest of their own, placed in singularly ill-adapted 
situations, as on the leaves of a large thistle. They never, 
however, as far as Mr. Hudson has ascertained, complete a 
nest for themselves. They often lay so many eggs—from 
fifteen to twenty—in the same foster-nest, that few or none 
can possibly be hatched. They have, moreover, the extraordi- 
nary habit of pecking holes in the eggs, whether of their own 
species or of their foster-parents, which they find in the ap- 
propriated nests. They drop also many eggs on the bare 
ground, which are thus wasted. A third species, the M. pecoris 
of North America, has acquired instincts as perfect as those 
of the cuckoo, for it never lays more than one egg in a foster- 
nest, so that the young bird is securely reared. Mr. Hudson is 
a strong disbeliever in evolution, but he appears to have been 
so much struck by the imperfect instincts of the Molothrus 
bonariensis that he quotes my words, and asks, '‘Must we con- 
sider these habits, not as especially endowed or created in- 
stincts, but as small consequences of one general law, namely, 
transition?'’ 

Various birds, as has already been remarked, occasionally 
lay their eggs in the nests of other birds. This habit is not 
very uncommon with the Gallinaceae, and throws some light 
on the singular instinct of the ostrich. In this family several 
hen-birds unite and lay first a few eggs in one nest and then 
in another; and these are hatched by the males. This instinct 
niay probably be accounted for by the fact of the hens laying 
a large number of eggs, but, as with the cuckoo, at intervals 
of two or three days. The instinct, however, of the American 
ostrich, as in the case of the Molothrus bonariensis, has not 
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as yet been perfected; for a siirprising number of eggs lie 
strewed over the plains, so that in onc day’s hunting I picked 
up no less than twcnty lost and wasted eggs. 

Many bees are parasitic, and regularly lay their eggs in the 
nests of other kinds of bces. This case is morc remarkable 
than that of the cuckoo; for thesc bces have not only had 
their instincts but their structure modified in accordance with 
their parasitic habits; for they do not possess the pollcn- 
collecting apparatus which would have been indispensable if 
they had stored up food for their own young. Some species 
of Sphcgid^e (wasp-like insects) are likewise parasitic; and 
M. Fabre has lately shown good reason for believing that, 
although the Tachytes nigra gencrally makes its own burrow 
and stores it with paralysed prey for its own larvae, yet that, 
when this insect finds a biirrow already made and stored by 
another sphex, it takes advantage of the prize, and bccomes 
for the occasion parasitic. In this case, as with that of the 
Molothrus or cuckoo, I can see no difficulty in natural selec- 
tion making an occasional habit pcrmanent, if of advantage 
to the species, and if the inscct whose nest and stored food 
are feloniously appropriated, be not thus exterminated. 

Slave-viaking instinct .—This remarkable instinct was first 
discovered in the Formica (Polyerges) rufescens by Pierre 
Huber, a better observer even than his celebrated father. This 
ant is absolutely depcndent on its slaves; without their aid, 
the species would certainly become extinct in a single year. 
The males and fertile females do no work of any kind, and 
the workers or sterile females, though most energetic and 
courageous in capturing slaves, do no other work. They are 
incapable of niaking their own nests, or of feeding their own 
larvtX. When the old nest is found inconvenient, and they 
have to migrate, it is the slaves which determine the migra- 
tion, and actually carry their masters in their jaws. So 
utterly helpless are the masters, that when Huber shut up 
thirty of them without a slave, but with plenty of the food 
which they like best, and with their own larvae and pup(E to 
stimulate them to work, they did nothing; thcy could not 
even fecd thcmselves, and many perished of hunger. Huber 
then introduccd a single slave (F. fusca), and she instantly 
sct to work, fed and saved thc survivors; made somc cells 
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and tended the larvae, and put all to rights. What can be 
niore extraordinary than these well-ascertained facts? If 
we had not known of any other slave-making ant, it would 
have been hopeless to speculate how so wonderful an instinct 
could have been perfected. 

Another species, Formica sanguinea, was likewise fìrst dis- 
covered by P. Huber to be a slave-making ant. This species 
is found in the southern parts of England, and its habits 
have been attended to by Mr. F. Smith, of the British Mu- 
seum, to whom I am much indebfed for information on this 
and other subjects. Although fully trusting to the statements 
of Huber and Mr. Smith, I tried to approach the subject in a 
sceptical frame of mind, as any one may well be excused for 
doubting the existence of so extraordinary an instinct as 
that of making slaves. Hence, I will give the observations 
which I made in some little detail. I opened fourteen nests 
of F. sanguinea, and found a few slaves in all. Males and 
fertile females of the slave species (F. fusca) are found 
only in their own proper communities, and have never been 
observed in the nests of F. sanguinea. The slaves are black 
and not above half the size of their red masters, so that the 
contrast in their appearance is great. When the nest is 
slightly disturbed, the slaves occasionally come out, and like 
their masters are much agitated and defend the nest: when 
the nest is much disturbed, and the larvse and pupae are ex- 
posed, the slaves work energetically together with their mas- 
ters in carrying Ihem away to a place of safety. Hence, it 
is clear, that the slaves feel quite at home. During the 
months of June and July, on three successive years, I watched 
for many hours several nests in Surrey and Sussex, and 
never saw a slave either leave or enter a nest, As, during 
these months, the slaves are very few in number, I thought 
Ihat they m.ight behave difìferently when more numerous; but 
Mr. Smith informs me that he has watched the nests at 
various hours during May, June, and August, both in Surrey 
and Hampshire, and has never seen the slaves, though pres- 
ent in large numbers in August, either leave or enter thc 
nest. Hence he considers them as strictly household slaves. 
The masters, on the other hand, may be constantly seen 
bringing in materials for the nest, and food of ail kinds. 
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Buring the year 1860, howevcr, in the month of July, I camc 
across a community with an unusually large stock of slaves, 
and I obscrvcd a few slaves niingled with thcir mastcrs 
leaving the nest, and marching along the same road to a tall 
Scotch-fir trec, twenty-five yards distant, which they ascended 
togethcr, probably in search of aphides or cocci. According 
to Huber, who had amplc opportunities for obscrvation, thc 
slaves in Switzcrlaiid habitually work with their masters in 
making the nest, and they alonc open and close the doors in 
the morning and evening; and, as Tluber expressly statcs, 
thcir principal ofììcc is to scarch for aphidcs. Tliis differ- 
ence in the usnal habits of the masters and slavcs in the two 
countries, probably dcpcnds merely 011 thc slavcs being cap- 
tured in greater numbers in Switzerland than in England. 

One day I fortunately witnessed a migration of F. san- 
guinea from one nest to another, and it was a most interest- 
ing spectacle to behold thc masters carefully carrying their 
slaves in their jaws instcad of bcing carried by them, as in 
the case of F. rufescens. Another day my attentìon was 
struck by about a score of the slave-niakers haunting thc 
same spot, and evidcntly not iii search of food; they ap- 
proached and werc vigorously repulscd by an independent 
community of the slave-specics (F. fusca) ; sometimcs as 
many as three of these ants cliiiging to the Icgs of thc slavc- 
making F. sanguinea. Thc latter ruthlcssly killed their small 
opponents, and carried their dcad bodies as food to their 
nest, twenty-ninc yards distant; but they wcre preventcd 
from getting any pupcTe to rear as slaves. I then dug iip a 
small parcel of the pupai of F. fusca from another nest, and 
put them down on a bare spot near the place of combat; 
they were eagcrly seized and carried off by thc tyrants, who 
perhaps fancicd that, aftcr all, they had bcen victorious in 
thcir late combat. 

At the same time I laid on thc same place a small parcel 
of the pupae of another spccies, F. flava, with a few of these 
little yellow ants still clinging to the fragments of thcir 
nest. This spccics is somctimes, though rarely, madc into 
slaves, as has becn describcd by Smith. Although so 
small a specics, it is very courageous, and I have sccn it 
fcrociously attack other ants. Tn one instance I found to my 
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surprise an independent community of F. flava under a stone 
beneath a nest of the slave-making F. sanguinea; and when 
I had accidentally disturbed both nests, the little ants at- 
tacked their big neighbours with surprising courage. Now 
I was curious to ascertain whether F. sanguinea could dis-» 
tinguish the pupae of F. fusca, which they habitually make 
into slaves, from those of the little and furious F. flava, 
which they rarely capture, and it was evident that they did 
at once distinguish them; for we have seen that they eagerly 
and instantly seized the pupae of F. fusca, whereas they were 
much terrified when they came across the pupae, or even the 
earth from the nest, of F. flava, and quickly ran away; but 
in about a quarter of an hour, shortly ^after all the little yel- 
low ants had crawled away, they took heai/ and carried off 
the pupse. 

One evenìng I visited another community of F. sanguinea, 
and found a niimber of these ants returning home and enter- 
ing their nests, carrying the dead bodies of F. fusca (show- 
ing that it was not a migration) and numerous pupae. I 
traced a long file of ants burthened with booty, for about 
forty yards back, to a very thick clump of heath, whence I 
saw the last individual of F. sanguinea emerge, carrying a 
pupa; but I was not able to find the desolated nest in the 
thick heath. The nest, however, must have been close at 
hand, for two or three individuals of F. fusca were rushing 
about in the greatest agitation, and one was perched motion- 
less with its own pupa in its mouth on the top of a spray 
of heath, an image of despair over its ravaged home. 

Such are the facts, though they did not need confirmation 
by me, in regard to the wonderful instinct of making slaves. 
Let it be observed what a contrast the instinctive habits of 
F. sanguinea present with those of the continental F. rufes- 
cens. The latter does not build its own nest, does not deter- 
mine its own migrations, does not collect food for itself or 
its young, and cannot even feed itself: it is absolutely depen- 
dent on its numerous slaves. Formica sanguinea, on the 
other hand, possesses much fewer slaves, and in the early 
part of the summer extremely few: the masters determine 
whcn and where a new nest shall be formed, and when they 
migrate, the masters carry the slaves. Both in Switzerland 
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and llngland the slaves seem to have thc exclusive care of 
the larvje, and the masters alone go on slave-making expe- 
ditions. In Switzerland the slaves and masters work to- 
gether, making and bringing materials for the nest; both, 
but chiefly the slavcs, tend, and milk, as it may bc called, 
their aphides; and thus both collcct food for the community. 
In England the masters alone usually leave the nest to col- 
lect building materials and food for themselves, their slaves 
and larv3e. So that the masters in this country receive much 
less service from their slaves than they do in Switzerland. 

By what steps the instinct o£ F. sanguinea originated I 
will not pretend to conjecture. But as ants which are not 
slave-makers will. as I have seen, carry off the pup?e of 
other species, if scattercd near their nests, it is possible that 
such pupse originally stored as food might become developed; 
and the foreign ants thus unintentionally reared would then 
follow their proper instincts, and do what work they could. 
If their presence proved useful to the species which had 
seized them—if it were more advantageous to this species 
to capture workcrs than to procreate them—the habit of col- 
lecting pupx, originally for food, inight by natural selection 
be strengthened and rendered permanent for the very dif- 
ferent purpose of raising slaves. When the instinct was 
once acquired, if carried out to a much less extent even 
than in onr British F. sanguinea, which, as we have seen, is 
less aided by its slaves than the same species in Switzerland, 
natural selection might increase and modify the instinct— 
always supposing each modification to be of use to the spe- 
cies—until an ant was formed as abjectly dependent on its 
slaves as is the Formica riifescens. 

Cell-making instinct of tìie Hive-Bee .—I will not here 
enter on minute details on this subject, but will merely give 
an outline of the concltisions at which T have arrived. He 
must be a dull nian who can examinc thc exqiiisite structure 
of a comb, so beautifully adapted to its end, without enthusi- 
astic admiration. \Ve hear from mathematicians that bees 
havc practically solved a recondite problem, and havc made 
thcir cclls of the proper shape to hold the greatest possible 
aniount of honey, with thc lcast possible consumption of 
prccious wax in their constructioii. It has becn remarkcd 
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that a skilful worknian with fitting tools and measures, 
would find it very difficult to make cells of wax of the true 
form, though this is effected by a crowd of bees working 
in a dark hive. Granting whatever instincts you please, it 
seems at first quite inconceivable how they can make all 
the necessary angles and planes, or even perceive when they 
are correctly made. But the difficulty is not nearly so great 
as it at first appears: all this beautiful work can be shown, 
1 think, to follow from a few simple instincts. 

I was led to investigate this subject by Mr. Waterhouse, 
who has shown that the form of the ceil stands in close 
relation to the presence of adjoining cells; and the follow- 
ing view may, perhaps, be considered only as a modification 
of his theory. Let us look to the great principle of grada- 
tion, and see whether Nature does not reveal to us her 
method of work. At one end of a short series we have 
humble-bees, which use their old cocoons to hold honey, 
sometimes adding to them short tubes of wax, and likewise 
making separate and very irregular rounded cells of wax. 
At the other end of the serìes we have the cells of the hive- 
bee, placed in a double layer: each cell, as is well known, 
is an hexagonal prism, with the basal edges of its six sides 
bevelled so as to join an inverted pyramid, of three rhombs. 
These rhombs have certain anglcs, and the three which form 
the pyramidal base of a single cell on one side of the comb 
enter into the composition of the bases of three adjoining 
cells on the opposite side. In the series between the extreme 
perfection of the cells of the hive-bee and the simplicity of 
those of the humble-bee we have the cells of the Mexican 
Melipona domestica, carefully described and figured by Pierre 
Huber. Thc Melipona itself is intermediate in structure be- 
tween the hive and humble-bee, but more nearly related to 
the latter; it forms a nearly regular waxen comb of cylin- 
drical cells, in which the young are hatched, and, in addi- 
tion, sonie large cells of wax for holdìng honey. These 
latter cells are nearly spherical and of nearly equal sizes, and 
are aggregated into an irregular mass. But the important 
point to notice is, that these cells are always made at that 
degree of nearness to each other that they would have inter- 
sected or broken into each other if the spheres had been 
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completed; but this is ncver permitted, the bees building per- 
fectly flat walls of wax between the spheres which thus 
tend to intersect. Hence, each cell consists of an outer 
spherical portion, and of two, threc, or more flat surfaces, 
according as the cell adjoins two, thrce, or more other cclls. 
When one cell rests on three othcr cells, which, from the 
spheres being nearly of tlie sanie size, is very frequently 
and necessarily the case, the three flat siirfaces are united 
into a pyramid; and this pyramid, as Huber lias remarked, 
is manifestly a gross imitation of thc three-sided pyramidal 
base of the cell of the hive-bee. As in the cells of the hive- 
bee, so here, the three plane surfaces in any one ccll neces- 
sarily enter into the construction of three adjoining cells. 
It is obvious that the Melipona saves wax, and what is more 
important, labour, by this manner of building; for the flat 
walls between the adjoining cells are not double, but are 
of the same thickness as the outer spherical portions, and 
yet each flat portion forms a part of two cells. 

Reflecting on this case, it occurred to ine that if the Meli- 
pona had made its spheres at soine given distance from each 
other, and had made them of equal sizes and had arranged 
them symmetrically in a double laycr, the resulting structure 
would have been as perfect as the comb of the hive-bee. Ac- 
cordingly I wrote to Profcssor IMillcr of Cambridge, and 
this geometer has kindly read over the following, statement, 
drawn up from his information, and tells me that it is 
strictly correct:— 

If a niimber of equal spheres be described with their 
centres placed in two parallel layers; with the centrc of each 
sphere at the distance of radius X /2, or radius X 1.41421 
(or at some lesser distancc), from the centres of thc six 
surrounding sphercs in the samc layer; and at the sanie dis- 
tance from the centres of thc adjoining spheres in the other 
and parallel layer; then, if planes of intersection between 
the several spheres in both layers be formed, there will re- 
sult a double laycr of hexagonal prisms united together by 
pyramidal bases formed of thrce rhombs; and the rhombs 
and the sides of the hexagonal prisms will havc cvery angle 
identically thc same with the bcst mcasurcments which liave 
been made of the cells of the hive-bee. But I hear from 
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Prof. Wyman, who has made numerous careful measure^ 
ments, that the accuracy of the workmanship of the bee has 
been greatly exaggerated; so much so, that whatever the 
typical form of the cell may be, it is rarely, if ever, realised. 

Hence we may safely conclude that, if we could slightly 
modify the instincts already possessed by the Melipona, and 
in themselves not very wonderful, this bee would make a 
structure as wonderfully perfect as that of the hive-bee. M^e 
must suppose the Melipona to have the power of forming 
her cells truly spherical, and of equal sizes; and this would 
not be very surprising, seeing that she already does so to a 
certain extent, and seeing what perfectly cylindrical bur- 
rows many insects make in wood, apparently by turning 
round on a fixed point. We must suppose the Melipona to 
arrange her cells in level layers, as she already does her 
cylindrical cells; and we must further suppose, and this is 
the greatest difficulty, that she can somehow judge accu- 
rately at what distance to stand from her fellow-labourers 
when several are making their spheres; but she is already 
so far enabled to judge of distance, that she always describes 
her spheres so as to intersect to a certain extent; and then 
she unites the points of intersection by perfectly flat sur- 
faces. By such modifications of instincts which in them- 
selves are not very wonderful—hardly more wonderful than 
those which guide a bird to make its nest,—I believe that 
the hive-bee has acquired, through natural selection, her 
inimitable architectural powers. 

But this theory can be tested by experiment. FoIIowing 
the example of Mr. Tegetmeier, I separated two combs, 
and put between them a long, thick, rectangular strip of 
wax: the bees instantly began to excavate minute circular 
pits in it; and as they deepened these little pits, they made 
' them wider and wider until they were converted into shal- 
low basins, appearing to the eye perfectly true or parts of 
a sphere, and of about the diameter of a cell. It was most 
interesting to observe that, wherever several bees had be- 
gun to excavate these basins near together, they had begun 
their work at such a distance from each other, that by the 
time the basins had acquired the above-stated width (i. e. 
about the width of an ordinary cell), and were in depth 
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about one-sixth of the diamcter of the sphere of whìch they 
forined a part, the rims of the basins intersccted or brokc 
into eaclì other. As soon as this occurred, the bees ceased to 
excavate, and began to build up flat walls of wax on the 
lines of intersection between thc basins, so that each hcx- 
agonal prism was built upon the scalloped cdge of a smooth 
basin, instead of on thc straight edges of a three-sided pyra- 
mid as in the case of ordinary cells. 

I then put into thc hive, instead of a thick, rectangular 
piece of wax, a thin and narrow, knìfe-edged ridge, coloured 
with vermilion. The bees instantly began on both sidcs to 
excavate little basins near to each other, in the same way as 
before; but the ridge of wax was so thin, that the bottoms 
of the basins, if they had been excavated to the same depth 
as in the former experimcnt, woiild have broken into each 
other from the opposite sides. The bees, however, did not 
suffer tlìis to happeii, and they stopped their excavations ìn 
due time; so that the basins, as soon as they had been a little 
deepened, came to have flat bascs; and these flat bases, 
formed by thin little plates of the vermilion wax left un- 
gnawed, were situated, as far as the eye could judge, exactly 
along the planes of imaginary intersection between the 
basins on Ihe opposite sides of the ridge of wax. In some 
parts, only small portions, in other parts, large portions of a 
rhombic plate were thus left between the opposed basins, 
but the work, from the unnatural state of things, had not 
bcen neatly performed. The bees must have workcd at very 
nearly the same rate in cìrcularly giiawing away and deep- 
ening the basins on both sides of the ridge of vermilion wax, 
in order to have tbus succeeded in leaving flat piatcs between 
the basins, by stopping work at the planes of intersection. 

Considering how flcxibie thin wax is, I do not see that 
there is any difflculty in the becs, whilst at work on the two 
sides of a strip of wax, perceiving when they have gnawed 
the wax away to the propcr thinness, and then stopping their 
work. In ordinary combs it has appeared to me that thc 
bees do not always succeed in working at exactly the same 
rate from the opposite sides; for I have noticed half-com- 
pleted rhombs at the base of a just commcnced cell, which 
were slightly concave on one side, where I suppose that the 
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bees had excavated too quickly, and convex on the opposed 
side where the bees had worked less quickly. In one well 
marked instance, I put the comb back into the hive, and 
allowed the bees to go on working for a short time, and 
again examined the cell, and I found that the rhombic plate 
had been conipleted, and had become pcrfcctly Hat: it was 
absolutely impossible, from the extreme thinness of the little 
plate, that they could have effected this by gnawing away 
the convex side; and I suspect that the bees in such cases 
stand on opposite sides and push and bend the ductile and 
warm wax (which as I have tried is easily doiie) into its 
proper intermediate plane, and thus flatten it. 

From the experiment of the ridge of vermilion wax we 
can see that, if the bees were to build for themselves a thin 
wall of wax, they could make their cells of the proper shape, 
by standing at the proper distance from each other, by exca- 
vating at the same rate, and by endeavouring to make equal 
spherical hollows, but never allowing the spheres to break 
into each other. Now bees, as may be clearly seen by exam- 
ining the edge of a growing comb, do make a rough, circum- 
ferential wall or rim all round the comb; and they gnaw this 
away from the opposite sides, always working circularly as 
they deepen each cell. They do not make the whole three- 
sided pyramidal base of any one cell at the same time, but 
only that one rhombic plate which stands on the extreme 
growing margin, or the two plates, as the case may be; and 
they never complete the upper edges of the rhombic plates, 
until the hexagonal walls are commenced. Some of these 
statements differ from those made by the justly celebrated 
elder Huber, but I am convinced of their accuracy; and i£ 
I had space, I could show that they are conformable with 
my theory. 

Huber’s statement, that the very first cell is excavated out 
of a little parallel-sided wall of wax, is not, as far as I have 
seen, strictly correct; the first commencement having always 
been a little hood of wax; but I will not here enter on de- 
tails. We see how important a part excavation plays in the 
construction of the cells; but it would be a great error to 
suppose that the bees cannot build up a rough wall of wax in 
the proper position—that is, along the plane of intersection 
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between two adjoining spheres. I have several specimens 
showing clearly that they can do this. Even in the rude 
circumferential rim or wall of wax round a growing comb, 
fiexures may sometimes be observcd, corresponding in posi- 
tion to the plancs of the rhombic basal plates of future cells. 
But the rough wall of wax has in evcry case to be finished 
ofìf, by being largcly gnawcd away on both sides. Thc 
manner in which the bces build is curious; they always makc 
the first rough wall from tcn to twenty times thicker than 
the cxccssively ihin finished wall of the cell, which will 
ultimately be left. We shall understand how they work, by 
supposing masons first to pile up a broad ridge of ccment, 
and then to begin cutting it away equally on both sides near 
the ground, till a smooth, very thin wall is left in the middle; 
the masons always piling up the cut-away cement, and 
adding fresh cement on thc summit of the ridge. We shall 
thus have a thin wall steadily growing upward but always 
crowned by a gigantic coping. From all the cells, both those 
just commenced and those completed, being thus crowned by 
a strong coping of wax, the bees can cluster and crawl over 
the comb without injuring thc delicate hcxagonal walls. 
These walls, as Professor Miller has kindly ascertained for 
me, vary greatly in thickness; being, on an average of 
twelve measurcments madc near the border of the comb, 
of an inch in thickness; whercas the basal rhomboidal 
plates are thicker, nearly in the proportion of threc to two, 
liaving a mean thickness, froni twenty-one mcasurements, 
of of an inch. By the above singular manner of build- 

ing, strcngth is continually given to thc comb, with thc ut- 
most ultimate economy of wax. 

It seems at first to add to the difficulty of iindcrstanding 
how the cells are made, that a multitude of bees all work 
together; one bce after working a short time at onc cell 
going to another, so that, as Huber has stated, a score of in- 
divicìuals work cven at the commencement of the first cell. 
I was able practically to show this fact, by covering thc 
edges of the hexagonal walls of a single ccll, or thc cxtrcme 
margin of the circumferential rim of a growing conih, with 
an extremely thin layer of mclted vermilion wax; and I in- 
variably found that thc colour was most dclicately dilfused 
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by the bees—as delicately as a painter could have done it 
with his brush—by atoms of the coloured wax having been 
taken from the spot on which it had been placed, and worked 
into the growing edges of the cells all round. The work 
of construction seems to be a sort of balance struck between 
many bees, all instinctively standing at the same relative 
distance from each other, all trying to sweep equal spheres, 
and then building up, or leaving ungnawed, the planes of 
intersection between these spheres. It was really curious to 
note in cases of difficulty, as when two pieces of comb met 
at an angle, how often the bees would pull down and rebuild 
in difìferent ways the same cell, sometimes recurring to a 
shape which they had at first rejected. 

When bees have a place on which they can stand in their 
proper positions for working,—for instance, on a slip of 
wood, placed directly under the middle of a comb growing 
downwards, so that the comb has to be built over one face 
of the slip—in this case the bees can lay the foundations 
of one wall of a new hexagon, in its strictly proper place, 
projecting beyond the other completed cells. It suffices thac 
the bees should be enabled to stand at their proper relative 
distances from each other and from the walls of the last 
completed cells, and then, by striking imaginary spheres, 
they can build up a wall intermediate between two adjoin- 
ing spheres; but, as far as I have seen, they never gnaw 
away and finish off the angles of a cell till a large part both 
of that cell and of the adjoining cells has been built. This 
capacity in bees of laying down under certain circumstances 
a rough wall in its proper place between two just-commenced 
cells, is important, as it bears on a fact, which seems at 
first subversive of the foregoing theory; namely, that the 
cells on the extreme margin of wasp-combs are sometimes 
strictly hexagonal; but I have not space here to enter on 
this subject. Nor does there seem to me any great difficulty 
in a single insect (as in the case of a queen-wasp) making 
hexagonal cells, if she were to work alternately on the in- 
side and outside of two or three cells commenced at the 
same time, always standing at the proper relative distance 
from the parts of the cells just begun, sweeping spheres or 
cylinders, and building up intermediate planes. 
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As natural selection acts oiily by the accumulation of 
slight modifications of structure or instinct, cach prufitable 
to the individual undcr its conditions of life, it may rcason- 
ably be askcd, how’a long and graduated siiccessioii of modi- 
fìed architectural instincts, all tcnding towards the prescnt 
perfect plan of construction, coukl have profited thc progeni- 
tors of the hive-bee? I think the answer is not difìicult: 
cclls constructcd like those of the bec or the wasp gain in 
strength, and savc much in labour and space, and in thc ma- 
terials of which thcy are constructcd. With respcct to the 
formation of wax, it is known that bees are often hard 
pressed to get sufficient ncctar, and I am informcd by Mr. 
Tegetmcier that it has been experinuntally provcd that from 
twelve to fifteen pounds of dry sugar arc consumcd by a 
hive of bees for the secrction of a pound of wax; so that 
a prodigious quantity of fluid nectar must be collccted and 
consumed by the bees in a hive for the sccrction of the wax 
necessary for the construction of their combs. ?^Ioreover, 
many bccs have to reniain idle for many days during the 
process of secretion. A large storc of honey is indispensable 
to support a large stock of bees during the winter; and the 
security of the hive is known mainly to depend on a large 
nuniber of bces being supported. Hence the saving of wax 
by largely saving honey and the time consumed in collect- 
ing the honey must be an important element of success to 
any family of bces. Of course the success of the species 
may be dependent on the niimber of its enemies, or parasites, 
or on quite distinct causes, and so be altogether indepcndent 
of the quantity of honey which thc bccs can collect. But 
let us suppose that this latter circumstance determined, as 
it probably often has determined, whether a bec allied to 
our humble-bees could exist in large numbers in any coun- 
try; and let us further suppose that the community lived 
through the winter, and consequently rcquired a store of 
honey: there can in this case be no doubt that it would be 
an advantage to our imaginary humble-bee, if a slight modi- 
fication in her instincts Icd her to make hcr waxen cells 
near together, so as to interscct a littlc; for a wall in com- 
mon cvcn to two adjoining cells would savc somc little labour 
and wax. Hence it would continually be more and more 
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advantageous to our humble-bees, if they were to make their 
cells more and more regular, nearer together, and aggre- 
gated into a mass, like the cells of the Melipona; for in this 
case a large part of the bounding surface of each cell would 
serve to bound the adjoining cells, and much labour and wax 
would be saved. Again, from the same cause, it would be 
advantageous to the Melipona, if she were to make her cells 
closer together, and more regular in every way than at pres- 
ent; for then, as we have seen, the spherical surfaces would 
wholly disappear and be replaced by plane surfaces; and 
the Melipona would make a comb as perfect as that of the 
hive-bee. Beyond this stage of perfection in architecture, 
natural selection could not lead; for the comb of the hive- 
bee, as far as we can see, is absolutely perfect in economis- 
ing labour and wax. 

Thus, as I believe, the most wonderful of all known in- 
stincts, that of the hìve-bee, can be explained by natural 
selection having taken advantage of numerous, successive, 
slight modifications of simpler instincts; natural selection 
having, by slow degrees, more and more perfectly led the 
bees to sweep cqual spheres at a given distance from each 
other in a double layer, and to build up and excavate the wax 
along the planes of intersection; the bees, of course, no more 
knowing that they swept their spheres at one particular dis- 
tance from each other, than they know what are the several 
angles of the hexagonal prisms and of the basal rhombic 
plates; the motive power of the process of natural selection 
having been the construction of cells of due strength and of 
the proper size and shape for the larvae, this being effected 
with the greatest possible economy of labour and wax; that 
individual swarm which thus made the best cells with least 
labour, and least waste of honey in the secretion of wax, 
having succeeded best, and having transmitted their newly 
acquired economical instincts to new swarms, which in their 
turn will have had the best chance of succeeding in the 
struggle for exìstence. 
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OBJECTIONS TO THE THEORY OF NATURAL SELECTION AS APPLIED 
TO INSTINCTS: NEUTER AND STERILE INSECTS 

It has been objected to the foregoing view of the origìn of 
instincts that “the variations of structure and of instinct must 
havc been siniultaneous and accurately adjusted to each other 
as a modifìcation in the one without an immediate corrcspond- 
ing change in the other would have been fatal.” The force 
of this objection rests entirely on the assumption that the 
changes in the instincts and structure are abrupt. To take 
as an illustration the case of the larger titmousc (Parus 
major) alluded to in a previous chapter; this blrd often holds 
the seeds of the yew betwcen its feet on a branch, and ham- 
mers with its beak till it gets at the kernel. Now what spe- 
cial difficulty would there be ìn natural selection preserving 
all the slight individual variations in the shape of the beak, 
which were better and bctter adapted to break open the seeds, 
until a beak was formed, as well constructed for this purpose 
as that of the nuthatch, at the sanie time that habit, or com- 
pulsion, or spontaneous variations of taste, led the bird to 
become more and more of a seed-eater? In this case the beak 
is supposed to be slowly modified by natural selection, subse- 
quently to, but in accordance with, slowly changing habits 
or taste; but let the feet of the titmouse vary and grow larger 
from correlation with the beak, or from any other unknown 
cause, and it is not improbable that such larger feet would 
lead the bird to climb more and more until it acquircd the 
remarkable climbing instinct and power of the nuthatch. In 
this case a gradual change of structure is supposed to lead to 
changed instinctive habits. To take^one more casc: few 
instincts are more remarkable than that whìch leads the swift 
of the Eastern Islands to make its ncst wholly of inspissated 
saliva. Some birds build their nests of mud, believcd to be 
moistened with saliva; and one of the swifts of North 
America makes its nest (as I have seen) of sticks aggluti- 
nated with saliva, and even with flakes of this substance. Is 
it then very improbable that the natural selection of individual 
swifts, which secreted more and more saliva, should at last 
produce a species with instincts leadiiig it to neglect other 
materials, and to make its nest cxclusively of inspissated 
J—IIC XI 
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saliva ? And so in other cases. It must, however, be admitted 
that in many instances we cannot conjecture whether it was 
instinct or structure which first varied. 

No doubt many instincts of very difficult explanation could 
be opposed to the theory o£ natural selection — cases, in which 
we cannot see how an instinct could have originated; cases, 
in which no intermediate gradations are known to exist; 
cases of instincts of such trifling importance, that they could 
hardly have been acted on by natural selection; cases of in- 
stincts almost identically the same in animals so remote in 
the scale of nature, that we cannot account for their simi- 
larity by inheritance from a common progenitor, and conse- 
quently must believe tllat they were independently acquired 
through natural selection. I will not here enter on these 
several cases, but will confine myself to one special difficulty, 
which at first appeared to me insuperable, and actually fatal 
to the whole theory. I allude to the neuters or sterile females 
in insect-communities; for these neuters often differ widely 
in instinct and in structure from both the males and fertile 
females, and yet, from being sterile, they cannot propagate 
their kind. 

The subject well deserves to be discussed at great length, 
but I will here take only a single case, that o£ working or 
sterile ants. How the workers have been rendered sterile 
is a difficulty; but not much greater than that of any other 
striking modification of structure; for it cah be shown that 
some insects and other articulate animals in a state o£ nature 
occasionally become sterile; and if such insects had been 
social, and it had been profitable to the community that a 
number should have been annually born capable of work, but 
ìncapable of procreation, I can see no especial difficulty in 
this having been effected through natural selection. But I 
must pass over this preliminary difficulty. The great difficulty 
lies in the working ants differing widely from both the males 
and the fertile females in structure, as in the shape of the 
thorax, and in being destitute of wings and sometimes of 
eyes, and in instinct. As far as instinct alone is concerned, 
the wonderful difference in this respect between the workers 
and the perfect females, would have been better exemplified 
by the hive-bee. If a working ant or other neuter insect had 
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been an orclinaty animal, I should have unhesitatingly as- 
sumed that all its charactcrs had been slowly acquired through 
natural selection; namely, by individuals having been born 
with slight profitable modifications, which were inhcrited by 
the offspring; and that these again varied and again were 
sclected, and so onwards. But with the working ant wc have 
an inscct differing greatly from its parents, yet absc^utely 
sterile, so that it could never have transmitted successively 
acquired modifications of structure or instinct to its progeny. 
It may well be asked how is it possible to reconcile this case 
with the theory of natural sclection? 

First, let it be remembered that we have innumerable in- 
stances, both Ìn our domestic productions and in those in a 
state of nature, of all sorts of differences of inherited struc- 
ture which are correlated with certain ages, and with either 
sex. We have differences correlated not only with one sex, 
but with that short period when the reproductive system ìs 
active, as in the nuptial plumage of many birds, and in the 
hooked jaws of the male salmon. We have even slight dif- 
ferences in the horns of different breeds of cattle in relation 
to an artificially imperfect state of the male sex; for oxen 
of certain breeds have longer horns than the oxen of other 
breeds, relatively to the length of the horns in both the bulls 
and cows of these same breeds. Hence I can see no great 
difficulty in any character becoming correlated with the sterile 
condition of certain members of insect-communities: the dif- 
ficulty lies in understanding how such correlated modifications 
of structure could have been slowly accumulated by natural 
selection. 

This difficulty, though appearing insuperable, is lessened, 
or, as I believe, disappears, when it is remembered that selec- 
tion may be applied to the family, as well as to tlie individual, 
and may thus gain the desircd end. Breeders of cattle wish 
the flesh and fat to be well marbled together: an animal thus 
characterised has been slaughtered, but the brecder has gone 
wìth confidence to the same stock and has succcedcd. Such 
faith may be placed in the power of sclection, that a brced 
of cattle, always yielding oxcn with cxtraordinarily long 
horns, could, it is probable, be formed by carcfully watching 
which individual bulls and cows, when niatched, produce oxen 
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with the longest horns; and yet no one ox would ever have 
propagated its kind. Here is a better and real illustration: 
according to M. Verlot^ some varieties of the double annual 
Stock from having been long and carefully selected to the 
right degree, always produce a large proportion of seedlings 
bearing double and quite sterile flowers; but they likewise 
yield some single and fertile plants. These latter, by which 
alone the variety can be propagated, tnay be compared with 
the fertile male and female ants, and the double sterile plants 
with the neuters of the same community. As with the varie- 
ties of the stock, so with social insects, selection has been 
applied to the family, and not to the individual, for the sake 
of gaining a serviceable end. Hence we may conclude that 
slight modifications of structure or of instinct, correlated 
with the sterile condition of certain members of the com- 
munity, have proved advantageous: consequently the fertile 
males and females have flourished, and transmitted to their 
fertile ofifspring a tendency to produce sterile members with 
the same modifications. This process must have been re- 
peated many times, until that prodigious amount of difiference 
between the fertile and sterile females of the same species 
has been produced, which we see in many social insects. 

But we have not as yet touched on the acme of the diffi- 
culty; namely, the fact that the neuters of several ants dififer, 
not only from the fertile females and males, but from each 
other, sometimes to an almost incredible degree, and are thus 
divided into two or even three castes. The castes, moreover, 
do not commonly graduate into each other, but are perfectly 
well defined; being as distinct from each other as are any two 
species of the same genus, or rather as any two genera of the 
same family. Thus in Eciton, there are working and soldier 
neuters, with jaws and instincts extraordinarily dififerent: in 
Cryptocerus, the workers of one caste alone carry a wonder- 
ful sort of shield on their heads, the use of which is quite 
unknown: in the Mexican Myrmecocystus, the workers of 
one caste never leave the nest; they are fed by the workers 
of another caste, and they have an enormously developed ab- 
domen which secretes a sort of honey, supplying the place of 
that excreted by the aphides, or the domestic cattle as they 
may be called, which our European ants guard and imprison. 
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It will indeed be thoiight that I have an ovcrweenini^ con- 
fidence in the principle of natiiral selcction, when I do not 
adinit that such wonderful and well-established facts at once 
annihilate the theory. In the simpler case of neuter insects 
all of one caste, which, as I belicve, have~been rendered dif- 
fcrcnt from the fertilc males and females through natural 
selection, wc may conclude from the analogy of ordinary 
variations, that the successive, slight, profitable modifications 
did not first arise in all the neuters in the same nest, but in 
some few alone; and that by the survival of the communities 
with females which produced most neuters having the ad- 
vantageous modification, all the neuters ultimately came to be 
thus characterized. According to this view we ought occa- 
sionally to find in the same nest neuter insects, presenting 
gradations of structure; and this we do find, even not rarely 
considering how few neuter insects out of Europe have been 
carefully examined. Mr. F. Smith has shown that the neuters 
of several British ants differ surprisingly from cach other in 
size and sometimes in colour; and that the extremc forms can 
be linked together by individuals taken out of the samc nest: 
I have myself compared perfect gradations of this kind. It 
sometimes happens that the larger or the smaller sized 
workers are the most numerous; or that both large and small 
are numerous, whilst those of an intermediate size are scanty 
in numbers. Formica flava has larger and smaller workers, 
with some few of intermediate size; and, in this species, as 
Mr. F. Smith has observed, the larger workers have simple 
eyes (ocelli), which though small can be plainly distinguished, 
whereas the smaller workcrs havc their ocelli rudimentary. 
Having carefully dissectcd several spccimens of these 
workers, I can affirm that the eycs arc far more rudi- 
mentary in the smaller workers than can be accounted 
for merely by their proportionally lesser size; and I fully 
believe, though I dare not assert so positively, that the workers 
of intermediate size have their ocelli in an exactly inter- 
mediate condition. So that here we have two bodies of sterile 
workers in the same nest, differing not only in size, but in 
their organs of vision, yet connectcd by sonie few meinbers 
in an intermediate condition. I may digress by adding, that 
if the smaller workers had bcen the most uscful to the com- 
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munity, and those males and females had been continually 
selected, which produced more and more of the smaller 
workers, until all the workers were in this condition; we 
should then have had a species of ant with neuters in nearly 
the same condition as those of MyrmÌca. For the workers of 
Myrmica have not even rudiments of ocelli, though the male 
and female ants of this genus have well-developed ocelli. 

I may give one other case: so confidently did I expect 
occasionally to find gradations of important structures be- 
tween the different castes of neuters in the same species, that 
I gladly availed myself of Mr. F. Smith^s offer of numerous 
specimens from the same nest of the driver ant (Anomma) 
of West Africa. The reader will perhaps best appreciate the 
amount of difference in these workers, by my giving not the 
actual measurements, but a strictly accurate illustration: the 
difference was the same as if we were to see a set of work- 
men building a house, of whom many were five feet four 
inches high, and many sixteen feet high; but we must in 
addition suppose that the larger workmen had heads four 
instead of three times as big as those of the smaller men, 
and jaws nearly five times as big. The jaws, moreover, of 
the workìng ants of the several sizes differed wonderfully in 
shape, and in the form and number of the teeth. But the 
important fact for us is, that, though the workers can be 
grouped into castes of different sizes, yet they graduate in- 
sensibly into each other, as does the widely-different struc- 
ture of their jaws. I speak confidently on this latter point, 
as Sir J. Lubbock made drawings for me, with the camera 
lucida, of the jaws which I dissected from the workers of 
the several sizes. Mr. Bates, in his interesting ‘Naturalist on 
the Amazons,’ has described analogous cases. 

With these facts before me, I believe that natural selec- 
tion, by acting on the fertile ants or parents, could form a 
species which should regularly produce neuters, all of large 
size with one form of jaw, or all of small size with widely 
different jaws; or lastly, and this is the greatest difficulty, 
one set of workers of one size and structure, and simultane- 
ously another set of workers of a different size and struc- 
ture;—a graduated series having first been formed, as in the 
case of thc driver ant, and then the extreme forms having 
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been produced in greater and greater numbcrs, through the 
survival of the parents which generated them, until none 
with an interinediate structure were produced. 

An analogous explanation has been given by iMr. Wallace, 
of the equally complex case, of ccrtain Malayan Butterflies 
regularly appearing undcr two or even three distinct female 
forms; and by Fritz Miiller, of certain Brazilian crustaceans 
likewisè appearing under two widely distinct male forms. 
But this subject need not here be discussed. 

I have now explained how, as I believe, the wonderful fact 
of two distinctly defincd castes of sterile workers existing in 
the same nest, both widely different from each other and from 
their parents, has originated. \Ve can see how useful their 
production may have been to a social community of ants, on 
the same principle that the division of labour is useful to 
civilised man. Ants, however, work by inherited instincts 
and by inherited organs or tools, whilst man works by 
acquired knowledge and manufactured instruments. But I 
must confess, that, with all my faith in natural selection, I 
should never have anticipated that this principle could 
have been efficient in so high a dcgree, had not the case of 
these neuter insects led me to this conclusion. I have, there- 
fore, discussed this case, at some little but wholly insufficient 
length, in order to show the power of natural selection, and 
likewise because this is by far the most serious special dif- 
ficulty which my thcory has cncountered. The case, also, is 
very interesting, as it proves that with animals, as with 
plants, any amount of modification may be effected by the 
accumulation of numerous, slight, spontaneous variations, 
which are in any way profitable, without exercise or habit 
having been brought into play. For peculiar habits confined 
to the workers or sterile fcmales, however long they might 
be followed, could not possibly affect the males and fertile 
females, which alone leave descendants. I am surprised that 
no one has hitherto advanced this demonstrativc case of 
neuter insects, against the well-known doctrine of inherited 
habit, as advanced by Lamarck. 
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SUMMARY 

I have endeavored in this chapter brìefly to show that the 
mental qualities of our domestic animals vary, and that the 
variations are inherited. Still more briefly I have attempted 
to show that instincts vary slightly in a state of nature. No 
one will dispute that instincts are of the highest importance 
to each animal. Therefore there is no real difflculty, under 
changing conditions of life, in natural selection accumulating 
to any extent slight modifications of instinct which are in 
any way usefuL In many cases habit or use and disuse have 
probably come into play. I do not pretend that the facts 
given in this chapter strcngthen in any great degree my 
theory; but none of the cases of difficulty, to the best of my 
judgment, annihilate it. On the other hand, the fact that 
instincts are not always absolutely perfect and are liable to 
mistakes:—that no instinct can be shown to have been pro- 
duced for the good of other animals, though animals take 
advantage of the instincts of others;—that the canon in 
natural history, of “Natura non facit saltum,'' is applicable 
to instincts as well as to corporeal structure, and is plainly 
explicable on the foregoing views, but is otherwise inexplic- 
able,—all tend to corroborate the theory of natural selection. 

This theory is also strengthened by some few other facts ìn 
regard to instincts; as by that common case of closely allied, 
but distinct, species, when inhabiting distant parts of the 
world and living under considerably different conditions of 
life, yet often retaining nearly the same instincts. For in- 
stance, we can understand, on the principle of inheritance, 
how it is that the thrush of tropical South America lines its 
nest with mud, in the same peculiar manner as does our 
British thrush; how it is that the Hornbills of Africa and 
India have the same extraordinary instinct of plastering up 
and imprisoning the females in a hole in a tree, with only a 
small hole left in the plaster through which the males feed 
them and their young when hatched; how it is that the male 
wrens (Troglodytes) of North America build “cock-nests,^^ 
to roost in, like the males of our Kitty-wrens,—a habit wholly 
unlike that of any other known bird. Finally, it may not be 
a logical deduction, but to my imagination it is far more satis- 
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factory to look at such inslincts as the young cuckoo ejecting 
its foster-brothers,—ants inaking slaves,—the larvee of ichneu- 
monidre feeding within tlie live bodies of caterpillars,—not 
as specially endowed or created instincts, but as small conse- 
quences of one general law leading to ihe advancement of all 
organic beings,—nainely, mulliply, vary, let the strongest live 
and the weakest die. 



CHAPTER IX 
PIybridism 

Distinction between the sterility of first crosses and o£ hybrids— 
Sterility various in degree, not universal, affected by close inter- 
breeding, removed by domestication—Laws governing the ster- 
ility of hybrids—Sterility not a special endowment, but incidental 
on other differences, not accumulated by natural selection— 
Causes of the sterìlity of first crosses and of hybrids—Parallel- 
ism between the effects of changed conditions of life and of 
crossing—Dimorphism and Trimorphism—Fertility of varieties 
when crossed, and of their mongrel offspring not universal— 
Hybrids and mongrels compared independently of their fertility 
—Summary. 

T HE view commonly entertained by naturalists is that 
species, when intercrossed, have been specially en- 
dowed with sterility, in order to prevent their con- 
fusion. This view certainly seems at fìrst highly probable, 
for species living together could hardly have been kept dis- 
tinct had they been capable of freely crossing. The subject 
is in many ways important for us, more especially as the 
sterility of species when first crossed, and that of their hybrid 
offspring, cannot have been acquired, as I shall show, by the 
preservation of successive profitable degrees of sterility. It 
is an incidental result of differences in the reproductive sys- 
tems of the parent-species. 

In treating this subject, two classes of facts, to a large 
extent fundamentally different, have generally been con- 
founded; namely, the sterility of species when first crossed, 
and the sterility of the hybrìds produced from them. 

Pure species have of course their organs of reproduction 
in a perfect condition, yet when intercrossed they produce 
either few or no offspring. Hybrids, on the other hand, have 
their reproductive organs functionally impotent, as may be 
clearly seen in the state of the male element in both plants 
and animals; though the formative organs themselves are 
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perfect in striicture, as far as the microscope reveals. In the 
first case thc two sexual elements which go to form thc 
embryo are perfect; in the second case they are either not at 
all developed, or are imperfectly developed. This distinction 
is important, when the catise of the sterility, which is common 
to the two cases, has to be considered. The distinction prob- 
ably has been slurred over, owing to the sterility in both cases 
being looked on as a special endowment, beyond the province 
of our reasoning powers. 

The fertility of varieties, that is of the forms known or 
believed to be descended from common parents, when crossed, 
and likewise the fertility of their mongrel offspring, is, with 
reference to my theory, of equal importance with the sterility 
of species; for it seems to make a broad and clear distinction 
between varieties and species. 

Dcgrccs of Stcrìlity. —First, for the sterility of species 
when crossed and of their hybrid offspring. It is impossible 
to study the several memoìrs and works of those two con- 
scientious and admirable observers, Kòlreuter and Gàrtner, 
who almost devoted their lives to this subject, without being 
deeply impressed with the high generality of some degree of 
sterility. Kòlreuter makes the rule iiniversal; but then he 
cuts the knot, for in tcn cases in which he found two forms, 
considered by most authors as distinct species, quite fertile 
together, he unhesitatingly ranks them as varieties. Gàrtner, 
also, makes the riile equally universal; and he disputes the 
entire fertility of Kòlreuter’s ten cases. But in these and in 
many other cases, Gàrtner is obliged carefully to count the 
seeds, in order to show that there is any degree of sterility. He 
always compares the maximum number of seeds produced by 
two species when first crossed, and the maximum produced 
by their hybrid offspring, with the average number produced 
by their pure parent-species in a state of nature. But causes 
of serious error here intervene: a plant, to be hybridised, 
must be castrated, and, what is often more important, must 
be secluded in order to prevent pollen being brought to it 
by insects from other plants. Nearly all the plants experi- 
mented on by Gàrtner were potted, and were kept in a 
chamber in his house. That these processes are often in- 
jurious to the fertility of a plant cannot be doubted; for 
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Gàrtner gìves in his table about a score o£ cases of plants 
which he castrated, and artificially fertilised with their own 
pollen, and (excluding all cases such as the Leguminosae, in 
which there is an acknowledged difficulty in the manipula- 
tion) half of these twenty plants had their fertility in some 
degree impaired. Moreover, as Gàrtner repeatedly crossed 
some forms, such as the common red and blue pimpernels 
(Anagallis arvensis and cceulea), which the best botanists 
rank as varieties, and found them absolutely sterile, we may 
doubt whether many species are really so sterile, when inter- 
crossed, as he believed. 

It is certain, on the one hand, that the sterility of various 
species when crossed is so difìferent in degree and graduates 
away so insensibly, and, on the other hand, that the fertìlity 
of pure species is so easily afìfected by various circumstances, 
that for all practical purposes it is most difficult to say where 
perfect fertility ends and sterility begins. I think no better 
evidence of this can be required than that the two most ex- 
perienced observers who have ever lived, namely Kòlreuter 
and Gàrtner, arrived at diametrically opposite conclusions in 
regard to some of the very same forms. It is also most in- 
structive to compare—but I have not space here to enter into 
details—^the evidence advanced by our best botanists on the 
question whether certain doubtful forms should be ranked as 
species or varieties, with the evidence from fertility adduced 
by different hybridisers, or by the same observer from ex- 
periments made during different years. It can thus be shown 
that neither sterility nor fertility affords any certain distinc- 
tion between species and varieties. The evidence from this 
source graduates away, and is doubtful in the same degree as 
is the evidence derived from other constitutional and struc- 
tural differences. 

In regard to the sterility of hybrids in successive genera- 
tìons; though Gàrtner was enabled to rear some hybrids, care- 
fully guarding them from a cross with either pure parent, for 
six or seven, and in one case for ten generations, yet he 
asserts positively that their fertility never increases, but gen- 
erally decreases greatly and suddenly. With respect to this 
decrease, it may first be noticed that when any deviation in 
structure or constitution is common to both parents, this is 
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often transmitted in an augmented degrec to thc offspring; 
and both sexual clements in hybrid plants are alrcady affectcd 
in some degrcc. But I believe that their fertility has been 
diminished in nearly all these cases by an independent cause, 
namely, by too close interbreeding. I have made so many 
experiments and collected so many facts, showing on the one 
hand that an occasional cross with a distinct individual or 
variety increases the vigour and fcrtility of the offspring, and 
on the othcr hand that very closc interbreeding lessens their 
vigour and fertility, that I cannot doubt the correctness of 
this conclusion. Hybrids are seldom raiscd by experimental- 
ists in great nuinbers; and ns the parent-species, or othcr 
allied hybrids, gcnerally grow in the same garden, thc visits 
of insects must be carefully prevcnted during the flowcring 
season; hcnce hybrids, if left to themselvcs, will generally be 
fertilised during each generation by pollen from the same 
flower; and this would probably be injurious to their fertility, 
already lessened by their hybrid origin. I am strcngthened 
in this conviction by a remarkable statement repeatedly made 
by Gàrtner, namely, that if even the less fertile hybrids be 
artificially fertilised with hybrid pollen of the same kind, their 
fertility, nothwithstanding the frequent ill effects from manip- 
ulation, sometimes decidedly increases, and goes on increas- 
ing. Now, in the process of artificial fertilisation, pollen is 
as often taken by chance (as I know from my own experi- 
ence) from the anthers of anothcr flower, as from the anthers 
of the flower itself which is to be fertilised; so that a cross 
between two flowers, though probably often on the same 
plant, would bc thus effected. Morcover, whenever compli- 
cated experiments arc in progress, so careful an observ'er as 
Gàrtner would have castrated his hybrids, and this would 
have ensured in each gencration a cross with pollen from 
a distinct fìower, either from the same plant or from another 
plant of the same hybrid nature. And thus, thc strange fact 
of an increase of fertility in the successive generations of 
artìfìcially fcriilised hybrids, in contrast with those spon- 
taneously self-fertilised, may, as I bclicve, bc accountcd for 
by too close interbrecding having been avoidcd. 

Now let us turn to the rcsults arrivcd at by a third most 
experienccd hybridiser, namely, the ITon. and Rcv. W. Her- 
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bert. He is as emphatic in his conclusion that some hybrids 
are perfectly fertile—as fertile as the pure parent-species— 
as are Kòlreuter and Gàrtner that some degree of sterility 
between distinct species is a universal law of nature. He 
experimented on some of the very same species as did 
Gàrtner. The difìference in their results may, I think, be in 
part accounted for by Herbert’s great horticultural skill, and 
by his having hot-houses at his command. Of his many im- 
portant statements I will here give only a single one as an 
example, namely, that ‘'every ovule in a pod of Crinum 
capense fertilised by C. revolutum produced a plant, which 
I never saw to occur in a case of its natural fecundation.” 
So that here we have perfect or even more than com- 
monly perfect fertility, in a first cross between two distinct 
species. 

This case of the Crinum leads me to refer to a singular 
fact, namely, that individual plants of certain species of 
Lobelia, Verbascum and Passiflora, can easily be fertilised by 
pollen from a distinct species, but not by pollen from the 
same plant, though this pollen can be proved to be perfectly 
sound by fertilising other plants or species. In the genus 
Hippeastrum, in Corydalis as shown by Professor Hilde- 
brand, in various orchids as shown by Mr. Scott and Fritz 
Muller, all the individuals are in this peculiar condition. So 
that with some species, certain abnormal individuals, and in 
other species all the individuals, can actually be hybridised 
much more readily than they can be fertilised by pollen from 
the same individual plant I To give one instance, a bulb of 
Hippeastrum aulicum produced four flowers; three were fer- 
tilised by Herbert with their own pollen, and the fourth was 
subsequently fertilised by the pollen of a compound hybrid 
descended from three distinct species: the result was that 
‘‘the ovaries of the three first flowers soon ceased to grow, 
and after a few days perished entirely, whereas the pod im- 
pregnated by the pollen of the hybrid made vigorous growth 
and rapid progress to maturity, and bore good seed, which 
vegetated freely.’’ Mr. Herbert tried similar experiments 
during many years, and always with the same result. These 
cases serve to show on what slight and mysterious causes the 
lesser or greater fertility of a species sometimes depends. 
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The practical cxpcrimcnts of horticulturists, thou^h not 
made with scientifìc prccision, descrve some noticc. It is 
notorious in how complicated a manner thc spccies of Pelar- 
gonium, Fuchsia, Calceolaria, Petunia, Rhododcndron, &:c., 
have been crossed, yet many of these hybrids sced freely. 
For instance, Herbert asserts that a hybrid from Calceolaria 
integrifolia and plantaginea, spccics most widcly dissimilar 
in general habit, ^‘rcproduces itself as pcrfectly as if it had 
been a natural species from thc mountains of Chili.” I have 
taken some pains to ascertain the degree of fertility of some 
of the complex crosscs of Rhododcndrons, and I am assured 
that many of them are pcrfcctly fertile. Mr. C. Noble, for 
instance, informs me that he raises stocks for grafting from 
a hybrid between Rhod. ponticum and catawbìense, and that 
this hybrid “seeds as frcely as it is possible to imagine.” Had 
hybrids, when fairly treated, always gone on decreasing in 
fertility in each successive generation, as Gàrtner believed 
to be the case, the fact would have been notorious to nursery- 
men. Horticulturists raise large beds of the same hybrid, and 
such alone are fairly treated, for by insect-agency the several 
individuals arc allowcd to cross freely with each other, and 
the injurious influence of close interbreeding is thus pre- 
vented. Any one may readily convincc himself of the effici- 
ency of insect-agency by examining the flowers of thc more 
sterile kinds of hybrid Rhododendrons, which produce no 
pollen, for he will fìnd on their stigmas plenty of pollcn 
brought from other flowers. 

In regard to animals, much fcwer experimcnts have been 
carefully tried than with plants. If our systematic arrangc- 
ments can be trusted, that is, if the genera of animals are as 
distinct from each othcr as are the genera of plants, then 
we may infcr that animals more widely distinct in the scale 
of nature can be crossed morc easily than in thc case of 
plants; but thc hybrids themselvcs arc, I think, more sterile. 
It should, however, bc borne in mind that, owing to few 
animals breeding frcely under confìnemcnt, few expcriments 
have been fairly tricd: for instance, thc canary-bird has been 
crossed with nine distinct specics of finches, but, as not one 
of these breeds freely in confinemcnt, we have no right to 
expect that the first crosses betwecn them and the canary, 
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or that their hybrids, should be perfectly fertile. Again, wìth 
respect to the fertility in successive generations of the more 
fcrtile hybrid animals, I hardly know of an instance in which 
two families of the same hybrid have been raised at the same 
time from different parents, so as to avoid the ill effects of 
close interbreeding. On the contrary, brothers and sisters 
have usually been crossed in each successive generation, in 
opposition to the constantly repeated admonition of every 
breeder. And in this case, it is not. at all surprising that the 
inherent sterility in the hybrids should have gone on in- 
creasing. 

Although I know of hardly any thoroughly well-authen- 
ticated cases of perfectly fertile hybrid animals, I have reason 
to believe that the hybrids from Cervulus vaginalis and Ree- 
vesii, and from Phasianus colchicus with P. torquatus, are 
perfectly fertile. M. Quatrefages states that the hybrids from 
two moths (Bombyx cynthia and arrindia) were proved in 
Paris to be fertile inter se for eight generations. It has lately 
been asserted that two such distinct species as the hare and 
rabbit, when they can be got to breed together, produce off- 
spring, which are highly fertile when crossed with one of 
the parent-species. The hybrids from the common and Chi- 
nese geese (A. cygnoides), species which are so different that 
they are generally ranked in distinct genera, have often bred 
in this country with either pure parent, and in one single in- 
stance they have bred intcr se, This was effected by Mr. 
Eyton, who raised two hybrids from the same parents, but 
from different hatches; and from these two birds he raised 
no less than eight hybrids (grandchildren of the pure geese) 
from one nest. In India, however, these cross-bred geese 
must be far more fertile; for I am assured by two eminently 
capable judges, namely Mr. Blyth and Capt. Hutton, that 
whole flocks of these crossed geese are kept in various parts 
of the country; and as they are kept for profit, where neither 
pure parent-species exists, they must certainly be highly or 
perfectly fertile. 

With our domesticated animals, the various races when 
crossed together are quite fertile; yet in many cases they are 
descended from two or more wild species. From this fact we 
must conclude either that the aboriginal parent-species at 
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fìrst produccd pcrfcctly fcrtile hybrids, or tbat the hybrids 
subscquently reared under doincstication bccanic quite fertilc. 
This latter alternative, wliicb was first propoundcd by Pallas, 
seeins by far the inost probable, and can, indccd, hardly be 
doubtcd. It is, for instancc, alinost certain that our dogs are 
dcsccndcd froin several wild stocks; yet, with perhaps the 
exception of certain indigcnous domestic dogs of South 
America, all arc quitc fcrtilc togcther; but analogy makes 
me greatly doubt, whether thc several aboriginal species would 
at first have freely brcd togcthcr and have produced quite 
fcrtilc hybrids. So again I havc lately acquired decisive cvi- 
dence that the crossed offspring from the Indìan humped and 
cominon cattle are intcr sc perfectly fertile; and from the 
obscrvations by Riitimeyer on their important osteological 
differences, as well as from thosc by Mr. Blyth on their dif- 
ferences in habits, voice, constitution, &c., these two forms 
must be regarded as good and distinct species. The same re- 
marks may be extended to thc two chief races of thc pig. 
\Ve must, therefore, either give up the belief of the universal 
sterility of species when crossed; or we must look at this 
sterility in animals, not as an indelible charactcristic, but as 
one capable of being rcmovcd by domestication. 

Finally, considering all the ascertained facts on the inter- 
crossing of plants and animals, it may be concluded that some 
degree of sterility, both in first crosses and in hybrids, is an 
extremely gcneral result; but that it cannot, under our present 
state of knowledge, be considcred as absolutely universal. 

LAWS GOVERNING THE STERILITY OF FIRST CROSSES AND OF 
HYCRIDS. 

We will now considcr a little more in detail the laws gov- 
erning the stcrility of first crosscs and of hybrids. Our cliief 
object will bc to see whcthcr or not thesc laws indicatc that 
species havc been specially cndowed with this quality, in ordcr 
to prevent their crossing and blending together in utter con- 
fusion. Thc following conclusions are drawn up chiefly from 
Gartner’s admirablc work on the hybridisation of plants. I 
have taken much pains to ascertain how far they apply to 
animals, and, considering Iiow scanty our knowlcdge is in rc- 
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gard to hybrid animals, I have been surprised to find how 
generally the same rules apply to both kingdoms. 

It has been already remarked, that the degree of fertility, 
both of first crosses and of hybrids, graduates from zero to- 
perfect fertility. It is surprising in how many curious ways 
this gradation can be shown; but only the barest outline of 
the facts can here be given. When pollen from a plant of 
one family is placed on the stigma of a plant of a distinct 
family, it exerts no more influence than so much inorganic 
dust. From this absolute zero of fertility, the pollen of dif- 
ferent species applied to the stigma of some one species of 
the same genus, yields a perfect gradation in the number of 
seeds produced, up to nearly complete or even quite complete 
fertility; and, as we have seen, in certain abnormal cases, 
even to an excess of fertility, beyond that which the plant’s 
own pollen produces. So in hybrids themselves, there are 
some which never have produced, and probably never would 
produce, even with the pollen of the pure parents, a single 
fertile seed: but in some of these cases a first trace of fer- 
tility may be detected, by the pollen of one of the pure parent- 
species causing the flower of the hybrid to wither earlier 
than it otherwise would have done; and the early withering 
of the flower is well known to be a signof incipient fertilisa- 
tion. From this extreme degree of sterility we have self- 
fertilised hybrids producing a greater and greater number of 
seeds up to perfect fertility. 

The hybrids raised from two species which are very diffi- 
cult to cross, and which rarely produce any offspring, are 
generally very sterile; but the parallelism between tlie diffi- 
culty of making a first cross, and the sterility of the hybrids 
thus produced —two classes of facts which are generally con- 
founded together— is by no means strict. There are many 
cases, in which two pure species, as in the genus Verbascum, 
can be united with unusual facility, and produce numerous 
hybrid-offspring, yet these hybrids are remarkably sterile. 
On the other hand, there are species which can be crossed 
very rarely, or with extreme difficulty, but the hybrids, when 
at last produced, are very fertile. Even within the limits of 
the same genus, for instance in Dianthus, these two opposite 
cases occur. 
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The fertility, both of first crosses and of hybrids, is more 
easily affected by unfavorable conditions, than is that of 
pure species. But thc fertility of first crosses is likewise in- 
nately variable; for it is not always the same in degree when 
the same two species are crossed under the same circum- 
stances; it depends in part upon the constitution of the in- 
dividuals which happen to have been chosen for the experi- 
ineiit. So it is with hybrids, for their degree of fertility is 
oftcn found to differ greatly in the several individuals raised 
froni seed out of the same capsule and exposed to the same 
conditions. 

By the term systcmatic afiìnity is meant, the general re- 
semblance between species in structure and constitution. Now 
thc fertility of first crosses, and of the hybrids produced from 
thcm, is largely governed by their systcmatic affinity. This 
is clearly shown by hybrids never having been raised between 
species ranked by systematists in distinct families; and on 
the other hand, by very closely allicd specics generally uniting 
with facility. But thc correspondencc bctwcen systematic 
afìinity and the facility of crossing is by no means strict. A 
multitude of cases could be given of very closely allied species 
which will not unite, or only with extreme difliculty; and on 
the other hand of vcry distinct species which unite with the 
utmost facility. In the same family there may be a gcnus, 
as Dianthus, in which very many species can most readily be 
crossed: and anothcr gcnits, as Silenc, in which the most per- 
severing efforts liavc failed to produce between extremcly 
close species a singlc hybrid. Evcn within the limits of the 
same genus, we mcet wdth this samc differcnce; for instance, 
the many species of Nicotiana have bcen more largely crossed 
than the species of almost any other genus; but Gàrtner 
found that N. acuminata, which is not a particularly distinct 
species, obstinately failed to fertiHse, or to be fertilised by no 
less than eight other species of Nicotiana. ]\Iany analogous 
facts could be given. 

No one has been able to point out what kind or what 
amount of diffcrcncc, in any rccognisable character, is suf- 
ficicnt to prevcnt two specics crossing. It can bc shown that 
plants most widely diffcrcnt in habit and gcncral appearance, 
and having strongly marked differcnces in cvcry part of thc 
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flower, even in the pollen, in the fruìt, and in the cotyledons, 
can be crossed. Annual and perennial plants, deciduous and 
evergreen trees, plants inhabiting different stations and fitted 
for extremely different climates, can often be crossed with 
ease. 

By a reciprocal cross between two species, I mean the case, 
for instance, of a female-ass being first crossed by a stallion, 
and then a mare by a male-ass; these two species may then 
be said to have been reciprocally crossed. There is often the 
widest possible difference in the facility of making reciprocal 
crosses. Such cases are highly important, for they prove 
that the capacity in any two species to cross is often com- 
pletely independent of their systematic affinity, that is of any 
difference in their structure or constitution, excepting in 
their reproductive systems. The diversity of the result in 
reciprocal crosses between the same two species was long 
ago observed by Kolreuter. To give an instance: Mirabilis 
jalapa can easily be fertilised by the pollen of M. longiflora, 
and the hybrids thus produced are sufficiently fertile; but 
Kòlreuter tried more than two hundred times, during eight 
following years, to fertilise reciprocally M. longiflora with 
the pollen of M. jalapa, and utterly failed. Several other 
equally striking cases could be given. Thuret has observed 
the same fact with certain sea-weeds or Fuci. Gàrtner, 
moreover, found that this difference of facility in making 
reciprocal crosses is extremely common in a lesser degree. 
He has observed it even between closely related forms (as 
Matthiola annua and glabra) which many botanists rank only 
as varieties. It is also a remarkable fact, that hybrids raised 
from reciprocal crosses, though of course compounded of the 
very same two species, the one species having first been used 
as the father and then as the mother, though they rarely 
differ in external characters, yet generally differ in fertility 
in a small, and occasionally in a high degree. 

Several other singular rules could be given from Gàrtner: 
for instance, some species have a remarkable power of cross- 
ing with other species: other species of the same genus have 
a remarkable power of impressing their likeness on their 
hybrid offspring; but these two powers do not at all neces- 
sarily go together. There are certain hybrids which, instead 
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of having, as is usiial, an intermediate eharacter beUvcen theìr 
two parents, ahvays closely resemble one of them; and siich 
hybrids, though externally so like one of thcir pure parent- 
species, are with rare exceptìons extrcmely sterilc. So again 
amongst hybrids which arc usually intermediate in structure 
between thcir parcnts, exceptional and abnormal individuals 
somctimcs are born, which closely resemble one of their pure 
parents; and these hybrids are almost always utterly sterile, 
even when the other hybrids raised from seed from the same 
capsule have a considerable degree of fertility. These facts 
show how completely the fcrtility of a hybrid may be inde- 
pendent of its external resemblance to either pure parent. 

Considering the several rules now given, which govern the 
fertility of first crosses and of hybrids, we see that when 
forms, which must be considered as good and distinct species, 
are united, their fertility gradiiates from zero to perfect fer- 
tility, or even to fertility under certain conditions in excess; 
that their fertility, besides being emincntly susceptible to 
favourable and unfavourable conditions, is innately variable; 
that it is by no means always the same in degrce in the first 
cross and in thc hybrids produced from this cross; that the 
fertility of hybrids is not relatcd to the degree in which they 
resemble in external appearance either parent; and lastly, 
Ihat the facility of making a first cross betwecn any two 
species is not always governed by their systematic affinìty or 
degree of resemblance to each other. This latter statement 
is clearly proved by the difference in the result of reciprocal 
crosses iDetween the same two spccics, for, according as the 
one species or the other is used as the father or the mother, 
there is generally some differcnce, and occasionally the widest 
possiblc diffcrcnce, in the facility of effecting an union. The 
hybrids, moreover, produced from reciprocal crosses often 
differ in fertility. 

Now do these complex and singular rules indicate that 
species have bceii endowed with sterility simply to prevent 
thcir becoming confounded in nature? I think not. For 
why should the sterility be so cxtremely different in degrce, 
when various species are crossed, all of which we niust sup- 
pose it would be equally important to kcep from blending to- 
gether? Why should the degree of sterility be innately vari- 
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able in the individuals of the same species? Why should 
some species cross with facility, and yet produce very sterile 
hybrids; and other species cross with extreme difficulty, and 
yet produce fairly fertile hybrids? Why should there often 
be so great a difference in the result of a reciprocal cross 
between the same two species? Why, it may even be asked, 
has the production of hybrids been permitted? To grant to 
species the special power of producing hybrids, and then to 
stop their further propagation by different degrees of sterility, 
not strictly related to the facility of the first union between 
their parents, seems a strange arrangement. 

The foregoing rules and facts, on the other hand, appear to 
me clearly to indicate that the sterility both of first crosses 
and of hybrids is simply incidental or dependent on unknown 
differences in their reproductive systems; the differences be- 
ing of so peculiar and limited a nature, that, in reciprocal 
crosses between the same two species, the male sexual ele- 
ment of the one will often freely act on the female sexual 
element of the other, but not in a reversed direction. It will 
be advisable to explain a little more fullyby an example what 
I mean by sterility being incidental on other diffierences, and 
not a specially endowed quality. As the capacity of one 
plant to be grafted or budded on another is unimportant for 
their welfare in a state of nature, I presume that no one will 
suppose that this capacity is a spccially endowed quality, but 
will admit that it is incidental on differences in the laws of 
growth of the two plants. We can sometimes see the reason 
why one tree will not take on another, from difìferences in 
their rate of growth, in the hardness of their wood, in the 
period of the flow or nature of their sap, &c.; but in a multi- 
tude of cases we can assign no reason whatever. Great di- 
versity in the sìze of two plants, one being woody and the other 
herbaceous, one being evergreen and the other decidu- 
ous, an adaptation to widely different climates, do not 
always prevent the two grafting together. As in hybridisa- 
tion, so with grafting, the capacity is limited by systematic 
affinity, for no one has been able to graft together trees be- 
longing to quite distinct families; and, on the other hand, 
closely allied species, and varieties of the same species, can 
usually, but not invariably, be grafted with ease. But this 
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capacity, as in hybridisation, is by no means absolutely gov' 
erned by systematic affinity. Although many distinct genera 
within the same family have been grafted together, in other 
cases species of the same genus will not take on each other. 
The pear can be grafted far more readily on the quince, 
which is ranked as a distinct genus, than on the apple, which 
is a member of the same genus. Even different varieties of 
the pear take with different degrees o£ facility on the quince; 
so do different varieties of the apricot and peach on certain 
varieties of the plum. 

As Gartner found that there was sometimes an innate diL * 
ference in different indwiduals of the same two species in 
crossing; so Sageret believes this to be the case with differcnt 
individuals of the same two species in being grafted togcther. 
As in reciprocal crosses, the facility of effecting an union is 
often very far from equal, so it sometimes is in grafting; the 
common gooseberry, for instance, cannot be grafted on the 
currant, whereas the currant will take, though with difficulty, 
on the gooseberry. 

\Ve have seen that the sterility of hybrids, which have 
their reproductive organs in an imperfect condition, is a dif- 
ferent case from the difficulty of uniting two pure species, 
which have their reproductive organs perfect; yet these two 
distinct classes of cases run to a large extent parallel. Some- 
thing analogous occurs in grafting; for Thouin found that 
three species of Robinia, which seeded freely on their own 
roots, and which could be grafted with no great difficulty on 
a fourth species, when thus grafted were rendered barren. 
On the other hand, certain species of Sorbus, when grafted 
on other species yielded twice as much fruit as when on their 
own roots. \Ve are reminded by this lattcr fact of the extra- 
ordinary cases of Hippeastrum, Passiflora, &c., which secd 
much more freely when fertilised with the pollen o£ a dis- 
tinct species, than when fertilised with pollen from the same 
plant. 

\Ve thus see, that, although thcre is a clear and great dif- 
ference between the mere adhesion of grafted stocks, and the 
union of the male and female elements in the act of repro- 
duction, yet that there is a rude degree of parallelisni in the 
results of grafting and of crossing distinct species. And as 
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we must look at the curious and complex laws governing the 
facility with which trees can be grafted on each other as in- 
cidental on unknown differences in their '‘^egetative systems, 
so I believe that the still more complex laws governing the 
facility of first crosses are incidental on unknown difìferences 
in their reproductive systems. These differences in both 
cases, follow to a certain extent, as might have been expected, 
systematic affnity, by which term every kind of resemblance 
and dissimilarity between organic beings is attempted to be 
expressed. The facts by no means seem to indicate that the 
greater or lesser difficulty of either grafting or crossing vari- 
ous species has been a special endowment; although in the 
case of crossing, the difficulty is as important for the endur- 
ance aiid stability of specific forms, as in the case of graft- 
ing it is unimportant for their welfare. 

ORIGIN AND CAUSES OF THE STERILITY OF FIRST CROSSES 
AND OF HYBRIDS 

At one time it appeared to me probable, as it has to others, 
that the sterility of first crosses and of hybrids might have 
been slowly acquired through the natural selection of slightly 
lessened degrees of fertility, which, like any other variation, 
spontaneously appeared in certain individuals of one variety 
when crossed with those of another variety. For it would 
clearly be advantageous to two varieties or incipient species, 
if they could be kept from blending, on the same principle 
that, when man is selecting at the same time two varieties, 
it is necessary that he should keep them separate. In the 
first place, it may be remarked that species inhabitìng dis- 
tinct regions are often sterile when crossed; now it could 
clearly have been of no advantage to such separated species 
to have been rendered mutually sterile, and consequently this 
could not have been effected through natural selection; but 
it may perhaps be argued, that, if a species was rendered 
sterile with some one compatriot, sterility with other species 
would follow as a necessary contingency. In the second 
place, it is almost as much opposed to the theory of natural 
selection as to that of special creation, that in reciprocal 
crosses the male element of one form should have been ren« 
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dcred utterly impoteiit on a second {orm, whilst at the same 
tiine thc inale element of this second form is enabled freely 
to fertilise the fìrst form ; for this peculiar state of the repro- 
ductive system could hardly have bcen advantageous to either 
species. 

In considering the probability of natural selection having 
comc into action, in reiidering species mutually sterile, the 
greatcst difficulty will be found to lic in the existence of many 
graduated steps from slightly lessened fcrtility to absolutc 
sterility. It may be admittcd that it would profit an incipient 
species, if it wcre rcndered in some slight degree sterile when 
crossed with its parent form or with some other variety; for 
thus fewer bastardised and deteriorated offspring would be 
produced to commingle their blood with the new species in 
process of formation. But he who will take the trouble to 
reflect on the steps by which this first degree of sterility 
could be increased through natural selection to that high de- 
gree which is common with so many species, and which is 
universal with species which havc been differentiated to a 
generic or family rank, will find the subject extraordinarily 
complex. After mature reflection it scems to me that this 
could not have been effectcd through natural sclection. Take 
the case of any two species which, when crossed, produced 
few and sterile offspring; now, what is there which could 
favour the survival of those individuals which happened to 
be endowcd in a slightly higher degree with mutual infer- 
tility, and which thus approachcd by one small step towards 
absolute sterility? Yet an advance of this kind, if the theory 
of natural selection be brought to bear, must have incessantly 
occurred with many species, for a multitude are mutually 
quite barren. With sterile neuter insects we have reason to 
believe that modifications in their structure and fertility 
have been slowly accumulated by natural selection, from an 
advantage having been thus indirectly givcn to thc com- 
munity to which they belonged over other communities of the 
same spccies; but an individual aninial not belonging to a 
social community, if rcndered slightly sterile when crosscd 
with some othcr varicty, would not thus itself gain any ad- 
vantage or indirectly givc any advantage to the other individ- 
uals of the same variety, thus leading to their prcservation. 
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But it would be superfluous to discuss this question in de- 
tail; for with plants we have conclusive evidence that the 
sterility o£ crossed species must be due to some principle, 
quite independent of natural selection. Both Gàrtner and 
KÒlreuter have proved that in genera including numerous 
species, a series can be formed from species which when 
crossed yield fewer and fewer seeds, to species which never 
produce a single seed, but yet are affected by the pollen of 
certain other species, for the germen swells. It is here mani- 
festly impossible to select the more sterile individuals, which 
have already ceased to yield seeds; so that this acme of ster- 
ility, when the germen alone is affected, cannot have been 
gained through selection; and from the laws governing the 
various grades of sterility being so uniform throughout the 
animal and vegetable kingdoms, we may infer that the cause, 
whatever it may be, Ìs the same or nearly the same in all 
cases. 

We will now look a little closer at the probable nature of 
the differences between species which' induce sterility in first 
crosses and in hybrids. In the case of first crosses, the 
greater or less difficulty in efìfecting an union and in obtain- 
ing ofìfspring apparently depends on several distinct causes. 
There must sometimes be a physical impossibility in the male 
element reaching the ovule, as would be the case with a plant 
having a pistil too long for the pollen-tubes to reach the 
ovarium. It has also been observed that when the pollen of 
one species is placed on the stigma of a distantly allied spe- 
cies, though the pollen-tubes protrude, they do not penetrate 
the stigmatic surface. Again, the male element may reach the 
female element but be incapable of causing an embryo to be 
developed, as seems to have been the case with some of Thu- 
reFs experiments on Fuci. No explanation can be given of 
these facts, any more than why certain trees cannot be grafted 
on others. Lastly an embryo may be developed, and then perish 
at an early period. Thìs latter alternative has not been suf- 
ficiently attended to; but I believe, from observatìons com- 
municated to me by Mr. Hewitt, who has had great experi- 
ence ìn hybridising pheasants and fowls, that the early death 
of the embryo is a very frequent cause of sterility in first 
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crosses. IMr. Saltcr has recently given the results of an ex- 
amination of about 500 eggs producecl from various crosses 
between three species of Gallus and their hybrids; the ma- 
jority of these eggs had been fcrtilised; and in the majority 
of the fertiliscd eggs, thc cmbryos had either been partially 
devcloped and had then perished, or had become nearly ma- 
ture, but the young chickens had been unable to break through 
the shells. Of the chickens which wcrc born, more than four- 
fifths died within the first few days, or at latest weeks, “with- 
out any obvious causc, apparently from mere inability to 
liveso that from the 500 eggs only twelve chickens were 
reared. With plants, liybridised embryos probably often 
perish in a like manncr; at lcast it is known that hybrids 
raised froni very distinct species are sometimes weak and 
dwarfed, and perish at an early age; of which fact IMax 
Wichura has recently given some striking cases with hybrid 
willows. It may be here worth noticing that in some cases of 
parthenogenesis, tlie embryos within the eggs of silk moths 
which had not been fertiliscd, pass through their early stages 
of development and then perish like the embryos produced by 
a cross between distinct species. Until becoming acquainted 
with these facts, I was unwilling to believe in the frequent 
early death of hybrid embryos; for hybrids, when once born, 
are generally healthy and long-lived, as we see in the case 
of the common mule. Hybrids, however, are differently cir- 
cumstanced before and after birth; when born and living in 
a country where their two parents live, they are generally 
placed imder suitable conditions of life. But a hybrid par- 
takes of only half of the nature and constitution of its 
niother; it may therefore before birth, as long as it is nour- 
ished within its mother’s womb, or within the egg or seed 
produced by the mother, be cxposed to conditions in some dc- 
gree unsuitable,and consequcntly be liable to perish at an carly 
pcriod; more especially as all very young beings are eniinently 
sensitive to injurious or unnatural conditions of lifc. But af- 
ter all, the causc more probably lies in some imperfection 
in the original act of impregnation, causing the embryo to be 
imperfectly developed, rathcr than in the conditions to which 
it is subsequently exposed. 

In regard to the sterility of hybrids, in which the sexual 
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elements are imperfectly developed, the case is somewhat dif- 
ferent. I have more than once alluded to a large body of 
facts showing that, when animals and plants are removed 
from their natural conditions, they are extremely liable to 
have their reproductive systems seriously affected. This, in 
fact, is the great bar to the domestication of animals. Be- 
tween the sterility thus superinduced and that of hybrids, 
there are many points of similarity. In both cases the steril- 
ity is independent of general health, and is often accompanied 
by excess of size or great luxuriance. In both cases the 
sterility occurs in various degrees; in both, the male element 
is the most liable to be aflected; but sometimes the female 
more than the male. In both, the tendency goes to a certain 
extent with systematic affinity, for whole groups of animals 
and plants are rendered impotent by the same unnatural con- 
ditions; and whole groups of species tend to produce sterile 
hybrids. On the other hand, one species in a group will some- 
times resist great changes of conditions with unimpaired 
fertility; and certain species in a group will produce unusually 
fertile hybrids. No one can tell, till he tries, whether any 
particular animal will breed under confinement, or any exotic 
plant seed freely under culture; nor can he tell till he tries, 
whether any two species of a genus will produce more or 
less sterile hybrids. Lastly, when organic beings are placed 
during several generations under conditions not natural to 
them, they are extremely liable to vary, which seems to be 
partly due to their reproductive systems having been specially 
affected, though in a lesser degree than when sterility ensues. 
So it is with hybrids, for their offspring in successive genera- 
tions are eminently liable to vary, as every experimentalist 
has observed, 

Thus we see that when organic beings are placed under new 
and unnatural conditions, and when hybrids are produced 
by the unnatural crossing of two species, the reproductive 
system, independently of the general state of health, is af- 
fected in a very similar manner. In the one case, the condi- 
tions of life have been disturbed, though often in so slighli 
a degree as to be inappreciable by us; in the other case, or 
that of hybrids, the external conditions have remained the 
same, but the organisation has been disturbed by two dis- 
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tinct structures and constitutions, including of course the 
reproductive systems, having been blendcd into one. For 
it is scarcely possible that two organisations should be 
compounded into one, without somc disturbance occur- 
ring in the development, or periodical action, or mutual 
relations of the diffcrent parts and organs one to another or 
to the conditions of life. When hybrids are able to breed 
inter se, they transmit to their offspring from generation to 
generation the same compoiinded organisation, and hcnce we 
need not be surprised that their stcrility, though in some 
degree variable, does not dim.inish; it is even apt to incrcase, 
this being generally the result, as before explained, of too 
close interbreeding. The above view of the sterility of hy- 
brids being caused by two constitutions being compounded 
into one has been strongly maintained by Max Wichura. 

It must, however, be owned that we cannot understand, on 
the above or any other view, several facts with respect to the 
sterility of hybrids; for instance, the unequal fertility of hy- 
brids produced from reciprocal crosses; or the increased ster- 
ility in those hybrids which occasionally and exceptionally 
resemble closely either pure parcnt. Nor do I pretcnd that 
the foregoing remarks go to the root of the matter; no ex- 
planation is offered why an organism, when placed under nat- 
ural conditions, is rendered sterile. All that I have attempted 
to show is, that in two cases, in some respects allied, sterility 
is the common result,—in the one case from the conditions 
of life having been disturbed, in the other casc from the 
organisation having been disturbcd by two organisations 
being compounded into one. 

A similar parallelism holds good with an allied yet very dif- 
ferent class of facts. It is an old and almost universal be- 
lief founded on a considerable body of evidence, which I have 
elsewhere givcn, that slight changes in the conditions of life 
are beneficial to all lìving things. We see this acted on by 
farmers and gardeners in their frequent exchangcs of seed, 
tubers, &c., from one soil or climate to another, and back 
again. During the convalescence of animals, great benefit 
is derived from almost any change in their habits of life. 
Again, both with plants and animals, there is the clearest 
evidence that a cross bctween individnals of the same spe- 
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cies, which differ to a certain extent, gives vìgour and fer- 
tility to the offspring; and that close interbreeding continued 
during several generations between the nearest relations, if 
these be kept under the same conditions of life, almost always 
leads to decreased size, weakness, or sterility. 

Hence it seems that, on the one hand, slight changes in the 
conditions of life benefìt all organic beings, and on the other 
hand, that slight crosses, that is crosses between the males 
and females of the same species, which have been subjected 
to slightly different conditions, or which have slightly varied, 
give vigour and fertility to the offspring. But, as we have 
seen, organic beings long habìtuated to certain uniform condi- 
tions under a state of nature, when subjected, as under con- 
fìnement, to a considerable change in their conditions, very 
frequently are rendered more or less sterile; and we know 
that a cross between two forms, that have become widely or 
specifìcally different, produce hybrids which are almost al- 
ways in some degree sterile. I am fully persuaded that this 
double parallelism is by no means an accident or an illusion. 
He who is able to explain why the elephant and a multitude 
of other animals are incapable of breeding when kept under 
only partial confinement in their native country, will be 
able to explain the primary cause of hybrids being so gener- 
ally sterile. He will at the same time be able to explain 
how it is that the races of some of our domesticated animals, 
which have often been subjected to new and not uniform con- 
ditions, are quite fertile together, although they are descended 
from distinct species, which would probably have been sterile 
if aboriginally crossed. The above two parallel series of 
facts seem to be connected together by some common but 
unknown bond, which is essentially related to the prìnciple of 
life; this principle, according to Mr. Herbert Spencer, being 
that life depends on, or consists in, the incessant action and 
reaction of various forces, which, as throughout nature, are 
always tending towards an equilibrium; and when this ten- 
dency is slightly disturbed by any change, the vital forces 
gain in power. 
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RECIPROCAL DIiMORPIIISM AND TRIMORPHISM 

Thìs subject may be herc briefly discussed, and will be 
fouiid to throw some Hght on hybridism. Several plants be- 
longing to distinct ordcrs present two forms, which exist 
in about equal nunibcrs and which differ in no respect cx- 
cept in their reproductive organs; one form having a long 
pistil with short stamens, the other a short pistil with long 
stamens; the two having differently sized pollen-grains. 
With trimorphic plants there are three forms likewise differ- 
ìng in the lengths of thcir pistils and stamens, in the size 
and colour of the pollen-grains, and in some other respects; 
and as in each of the three forms there are two sets of sta- 
mens, the three forms possess altogether six sets of stamens 
and three kinds of pistils. Thesc organs are so proportioned 
in length to each other, that half the stamens in two of the 
forms stand on a level with the stigma of the third form. 
Now I have shown, and the result has been confirmed by 
other observers, that, Ìn order to obtain full fertility with 
these plants, it is necessary that the stigma of the one form 
should be fertilised by pollen taken from the stamens of cor- 
responding height in another form. So that with dimorphic 
species two unions, which may be called legitimate, are 
fully fertile; and two, which may be called illegitimate, 
are more or less infertile. With trimorphic species six 
unions are legitimate, or fully fertile, —and twelve are ille- 
gitimate, or more or less infertile. 

The infertility which may be observed in various dimorphic 
and trimorphic plants, when they are illegitimately fertilised, 
that is by pollen taken from stamens not corresponding in 
height with the pistil, differs much in degree, up to absolute 
and utter sterility; just in the same manner as occurs in 
crossing distinct species. As the degree of sterility in the 
latter case depends in an eminent degree on the conditions 
of life being more or less favourable, so I have found it 
with illegitimate unions. It is well known that if pollcn of a 
distinct species be placed on the stigma of a flower, and its 
own pollen be afterwards, even after a considerable interval 
of time, placed on the same stigina, its action is so strongly 
prepotent that it generally annihilates the effect of the foreigu 
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pollen; so it Is wìth the pollen of the several forms of the 
same species, for legitimate pollen is strongly prepotent over 
illegitimate pollen, when both are placed on the same stigma, 
I ascertained this by fertilising several flowers, first ille- 
gitimately, and twenty-four hours afterwards legitimately, 
with pollen taken from a peculiarly coloured variety, and 
all the seedlings were similarly coloured; this shows that 
the legitimate pollen, though applied twenty-four hours sub- 
sequently, had wholly destroyed or prevented the action of 
the previously applied illegitimate pollen. Again, as in 
making reciprocal crosses between the same two species, 
there is occasionally a great difference in the result, so the 
same thing occurs with trimorphic plants; for instance, the 
mid-styled form of Lythrum salicaria was illegitimately fer- 
tilized with the greatest ease by pollen from the longer sta- 
mens of the short-styled form, and yielded many seeds; but 
the latter form did not yield a single seed when fertilised by 
the longer stamens of the mid-styled form. 

In all these respects, and in others which might be added, 
the forms of the same undoubted species when illegitìmately 
united behave in exactly the same manner as do two distìnct 
species when crossed. This led me carefully to observe 
during four years many seedlings, raised from several illegitì- 
mate unions. The chief result is that these illegitimate plants, 
as they may be called, are not fully fertile. It is possible to 
raise from dimorphic species, both long-styled and short- 
styled illegitimate plants, and from trimorphic plants all three 
illegitimate forms. These can then be properly united in a 
legitiraate manner. When this is done, there is no apparent 
reason why they should not yield as many seeds as did their 
parents when legitimately fertilised. But such is not the 
case. They are all infertile, in various degrees; some being 
so utterly and incurably sterile that they did not yìeld dur- 
ing four seasons a single seed or even seed-capsule. The 
sterility of these illegitimate plants, when united with each 
other in a legitimate manner, may be strictly compared with 
that of hybrids when crossed inter se. If, on the other hand, 
a hybrid is crossed with either pure parent-species, the steril- 
ity is usually much lessened; and so it is when an illegitimate 
plant is fertilised by a legitimate plant. In the same man- 
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ner as the sterility of hybrids does not always run parallel 
with the difficulty of making the first cross between thc two 
parent-species, so the sterility of certain illegitimate plants 
was unusually great, whilst the sterility of the union from 
which they were derived was by no mcans great. With hy- 
brids raised from the same seed-capsule the degree of stcr- 
ility is innately variable, so it is in a marked manner with 
illegitimate plants. Lastly, many hybrids are profuse and 
persistent flowerers, whilst otlier and more sterile hybrids 
produce few flowers, and are weak, miserable dwarfs; 
exactly similar cases occur with thc illegitimate ofifspring of 
various dimorphic and trimorphic plants. 

Altogether there is the closest identity in character and 
behaviour between illegitimate plants and hybrids, It is 
hardly an exaggeration to maintain that illegitimate plants are 
hybrids, produced within the limits of the same species by 
the improper union of certain forms, whilst ordinary hybrids 
are produced from an impropcr unìon between so-called dis- 
tinct species. We havc also already seen that there is the 
closest similarity in all respects between first illegitimate 
unions and first crosses between distinct specics. This will 
perhaps be made more fully apparent by an illustration; we 
may suppose that a botanist found two well-marked varieties 
(and such occur) of the long-styled form of the triniorphic 
Lythrum salicaria, and that he dctermined to try by cross- 
ing whether they were specifically distinct. He would find 
that they yielded only about one-fifth of the proper number of 
seed, and that they behaved in all the other above specified 
respects as if they had been two distinct specics. But to make 
the case sure, he would raise plants from his supposed hy- 
bridized seed, and he would find that the seedlings wcre mis- 
erably dwarfed and utterly sterile, and that they Ijehaved ìn 
all other respects like ordinary hybrids. Hc might then main- 
tain that he had actually proved, in accordance with the 
common view, that his two varieties were as good and as 
distinct species as any in the world; but he would be com- 
pletely mistaken. 

The facts now given on dimorphic and trimorphic plants 
are important, because they show us, first, that the physio- 
logical tcst of lessened fertility, both in first crosses and in 
K—IIC XI 
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hybrìds, is no safe criterion of specific distìnction; secondly, 
because we may conclude that there is some unknown bond 
which connects the infertility of illegitimate unions with 
that of their illegitimate offspring, and we are led to extend 
the same view to first crosses and hybrids; thirdly, because 
we find, and this seems to me of especial importance, that 
two or three forms of the same species may exist and may 
differ in no respect whatever, either in structure or in con- 
stitution, relatively to external conditions, and yet be sterile 
when united in certain ways. For we must remember that 
it is the union of the sexual elements of individuals of the 
same form, for instance, of two long-styled forms, which 
results in sterility; whilst it is the union of the sexual 
elements proper to two distinct forms which is fertile. Hence 
the case appears at first sight exactly the reverse of what 
occurs, in the ordinary unions of the individuals of the same 
species and with crosses between distinct species. It is, 
however, doubtful whether this is really so; but I will not 
enlarge on this obscure subject. 

We may, however, infer as probable from the consideration 
of dimorphic and trimorphic plants, that the sterility of dis- 
tinct species when crossed and of their hybrid progeny, de- 
pends exclusively on the nature of their sexual elements, and 
not on any difference in their structure or general constìtu- 
tion. We are also led to this same conclusion by considering 
reciprocal crosses, in which the male of one species cannot 
be united, or can be united with great difficulty, with the 
female of a second species, whilst the converse cross can be 
effected with perfect facility. That excellent observer, Gàrt- 
ner, likewise concluded that species when crossed are sterile 
owing to differences confined to their reproductive systems. 

FERTILITY OF VARIETIES WHEN CROSSED, AND OF THEIR 
MONGREL OFFSPRING, NOT UNIVERSAL 

It may be urged, as an overwhelming argument, that there 
must be some essential distinction between species and vari- 
eties, inasmuch as the latter, however much they may differ 
from each other in external appearance, cross with perfect 
facility, and yield perfectly fertile offspring. With some 
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exceptions, presently to be given, I fully admit that this is 
the rule. But the subject is surrounded by difììculties, for, 
looking to varieties produced iinder nature, if two forms 
hitherto reputed to be varicties be found in any degrce sterile 
together, they are at once ranked by most naturalìsts as 
species. For instance, the blue and red pimpernel, which 
are considered by most botanists as varietics, are said by 
Gàrtner to be quite sterile when crossed, and he conse- 
quently ranks them as undoubted specics. If we thus argue 
in a circle, the fertility of all varieties produced under 
nature will assuredly have to be granted. 

If we turn to varieties, produced, or supposed to have been 
produced, under domestication, we arc still involved in some 
doubt. For when it is stated, for instance, that certain South 
American indigenous domestic dogs do not readily unite with 
European dogs, the explanation which will occur to every 
one, and probably the true one, is that they are descended 
from aboriginally distinct species. Nevertheless the perfect 
fertility of so many domestic races, differing widely from 
each other in appearance, for instance those of the pigeon, 
or of the eabbage, is a remarkable fact; more especially when 
we reflect how many species there are, which, though re- 
sembling each other most closely, are utterly sterile when 
intercrossed. Several considerations, however, render the 
fertility of domestic varietics less remarkable. In the first 
place, it may be observed that the amount of external differ- 
ence between two species is no sure guide to their degree of 
mutual sterility, so that similar difìferences in the case of 
varieties would be no sure guide. It is certain that with 
species the cause lies exclusivcly in difìferences in their sex- 
ual constitution. Now thc varying conditions to which do- 
mesticated animals and cultivated plants have been subjected, 
have had so little tendency towards modifying the repro- 
ductive system in a mr.nner leading to mutual sterility. that 
we have good grounds for admitting thc directly opposite 
doctrine of Pallas, namely, that such conditions generally 
eliminate this tendency; so that the domesticated descendants 
of species, which in their natural state probably would have 
been in some degree sterile when crossed, become pcrfectly 
fertile togethcr. With plants, so far is cultivation from giving 
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a tendency towards sterility between distinct species, that in 
several well-authenticated cases already alluded to, certain 
plants have been affected in an opposite manner, for they have 
becoine self-impotent whilst still retaining the capacity of 
fertilising, and being fertilised by, other species. If the 
Pallasian doctrine of the elimination of sterility through 
long-continued domestication be admitted, and it can hardly 
be rejected, it becomes in the highest degree improbable that 
similar conditions, long-continued should likewise induce this 
tendency; though in certain cases, with species having a 
peculiar constitution, sterility might occasionally be thus 
caused. Thus, as I believe, we can understand why with 
domesticated animals varieties have not been produced which 
are mutually sterile; and why with plants only a few such 
cases, immediately to be given, have been observed. 

The real difficulty in our present subject is not, as it ap- 
pears to me, why domestic varieties have not become mutually 
infertile when crossed, but why this has so generally occurred 
with natural varieties, as soon as they have been permanently 
niodified in a sufficient degree to take rank as species. We 
are far from precisely knowing the cause; nor is this sur- 
prising, seeing how profoundly ignorant we are in regard 
to the normal and abnormal action of the reproductive sys- 
tem. But we can see that species, owing to their struggle 
for existence with numerous competitors, will have been 
exposed during long periods of time to more uniform condì- 
tions, than have domestic varieties; and this may well make 
a wide difference in the result. For we know how com- 
monly wild animals and plants, when taken from their natural 
conditions and subjected to captivity, are rendered sterile; 
and the reproductive functions of organic beings which have 
always lived under natural conditions would probably in like 
manner be eminently sensitive to the influence of an un- 
natural cross. Domesticated productions, on the other hand, 
which, as shown by the mere fact of their domestication, were 
not originally highly sensitive to changes in their conditions 
of life, and which can now generally resist with undiminished 
fertility repeated changes of conditions, might be expected 
to produce varieties, which would be little liable to have 
their reproductive powers injuriously affected by the act 
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of crossing with other varieties which had originated in a 
like manner. 

I have as yct spoken as if the varieties of the samc species 
were invariably fertile when intercrossed. But it is im- 
possible to resist the evidence of the existence of a certain 
amount of sterility in the few following cases, which I will 
briefly abstract. The evidence is at least as good as that 
from which we believe in the sterility of a multitude of spe- 
cies. The evidence is, also, derived from hostile witnesses, 
who in all other cases consider fcrtility and sterility as safe 
criterions of specific distinction. Gàrtner kept during sev- 
eral years a dwarf kind of maize with yellow seeds, and a 
tall varicty with red seeds growing near each other in his 
garden; and although these plants have separated sexes, they 
never naturally crossed. He then fertilised thirteen flowers 
of the one kind with pollen of the other; biit only a single 
head produced any seed, and this one head produced only 
five grains. IManipulation in this case could not have been 
injurious, as the plants have separated sexes. No one, I 
believe, has suspected that these varieties of niaize are dis- 
tinct species; and it is important to notice that the hybrid 
plants thus raised were themselves perfectly fertile; so that 
even Gàrtner did not venture to consider the two varieties 
as specifically different. 

Girou de Buzareingues crossed three varieties of gourd, 
which like the maize has separated sexes, and he asserts 
that their mutual fertilisation is by so much the less easy as 
their diffcrences are greater. How far these experiments 
may be trusted, I know not; but the forms experimented 
on are ranked by Sageret, who mainly foiinds his classifica- 
tion by the test of infertility, as varieties, and Naiidin has 
come to the same conclusion. 

The following case is far more remarkable, and seems 
at first incredible; but it is the result of an astonishing num- 
ber of experiments made during many years on nine species 
of Verbascum, by so good an observer and so hostile a wit- 
ness as Gàrtner: namely that the yellow and white varieties 
when crossed produce less secd than thc siinilarl)^ coloured 
varieties of the same species. Moreover, he asscrts that 
when yellow and white varieties of one species are crossed 
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with yellow and white varieties of a distinct species, more 
seed is produced by the crosses between the similarly coloured 
flowers, than between those which are differently coloured. 
Mr. Scott also has experìmented on the species and varieties 
of Verbascum; and although unable to confirm Gàrtner’s 
results on the crossing of the distinct species, he finds that 
the dissimilarly coloured varieties of the same species yield 
fewer seeds, in the proportion of 86 to loo, than the similarly 
coloured varieties. Yet these varieties difìfer in no respect 
except in the colour of their flowers; and one variety can 
sometimes be raised from the seed of another. 

Kòlreuter, whose accuracy has been confirmed by every 
subsequent observer, has proved the remarkable fact, that 
one particular variety of the common tobacco was more 
fertile than the other varieties, when crossed with a widely 
distinct species. He experimented on five forms which are 
commonly reputed to be varietìes, and which he tested by 
the severest trial, namely, by reciprocal crosses, and he found 
their mongrel offspring perfectly fertile. But one of these 
five varieties, when used either as the father or mother, and 
crossed with the Nicotiana glutinosa, always yielded hybrids 
not so sterile as those which were produced from the four 
other varieties when crossed with N. glutinosa. Hence the 
reproductive system of this one variety must have been 
in some manner and in some degree modified. 

From these facts it can no longer be maintained that var- 
ieties when crossed are invariably quite fertile. From the 
great difficulty of ascertaining the infertility of varieties in 
a state of nature, for a supposed variety, if proved to be in- 
fertile in any degree, would almost universally be ranked as 
a species;—from man attending only to external characters 
in his domestic varieties, and from such varieties not hav- 
ing been exposed for very long periods to uniform conditions 
of life;—from these several considerations we may conclude 
that fertility does not constitute a fundamental distinction 
between varieties and species when crossed. The general 
sterility of crossed species may safely be looked at, not as a 
special acquirement or endowment, but as incidental on 
changes of an unknown nature in their sexual elements. 
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HYBRIDS AND MONGRELS COMPARED, INDEPENDENTLY OF 
TIÌEIK FERTILITY 

Independently of the question of fertility, the offspring 
of species and of varieties whcn crosscd may bc comparcd 
in several other respects. Gàrtner, whose strong wish it was 
to draw a distinct line bctween species and varieties, could 
find very few, and, as it seems to me, quite unimportant dif- 
ferences between the so-called hybrid offspring of species, 
and the so-called mongrel offspring of varieties. And, on the 
other hand, they agree most closely in many important re- 
spects. 

I shal). here discuss this subjcct with extreme brevity. The 
most iniDortant distinction is, that in the first generation 
mongreis are more variable than hybrids; but Gàrtner admits 
that hybrids from species which have long been cultivated are 
often variable in the first generation; and I have myself seen 
striking instances of this fact. Gàrtner further admits that 
hybrids between very closely allied species are more variable 
than those from very distinct species; and this shows that 
the difference in the degree of variability graduates away. 
When mongrels and the more fertile hybrids are propagated 
for several generations, an extrcme amount of variability in 
the offspring in both cases is notorious; but some few in- 
stances of both hybrids and mongrels long retaining a uniform 
character could be given. The variability, however, in the 
successive generations of mongrels is, perhaps, greater than 
in hybrids. 

This greater variabìlity in mongrels than in hybrìds does 
not seem at all surprising. For the parents of mongrels 
are varieties, and mostly domestic varieties (very few ex- 
periments having been tried on natural varieties,) and this 
implies that there has been recent variability, which would 
often continue and would augment that arising from the act 
of crossing. The slight variability of hybridi: in the first 
generation, in contrast with that in the siicceedmg genera- 
tions, is a curious fact and deserves attention. Foi it bears 
on the view which I have taken of one of the causes of 
ordinary variability; namely, that the •eproductive systcm 
froni being emineiitly sensitive to changeo :onciitioiir of iite, 
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fails under these circumstances to perform its proper func- 
tion of producing offspring closely similar in all respects 
to the parent-form. Now hyhrids in the first generation are 
descended from species (excluding those long-cultivated) 
which have not had their reproductive systems in any way 
affected, and they are not variable; but hybrids themselves 
have their reproductive systems seriously affected, and their 
descendants are highly variable. 

But to return to our coniparison of mongrels and hybrids: 
Gàrtner states that mongrels are more liable than hybrids 
to revert to either parent-form; but this, if it be true, is cer- 
tainly only a difference in degree. Moreover, Gàrtner ex- 
pressly states that hybrids from long cultivated plants are 
more subject to reversion than hybrids from species in their 
natural state; and this probably explains the singular differ- 
ence in the results arrived at by different observers: thus 
Max Wichura doubts whether hybrids ever revert to their 
parent-forms, and he experimented on uncultivated species 
of willows; whilst Naudin, on the other hand, insists in the 
strongest terms on the almost universal tendency to reversion 
in hybrids, and he experimented chiefly on cultivated plants. 
Gàrtner further states that when any two species, although 
most closely allied to each other, are crossed with a third 
species, the hybrids are widely different from each other; 
whereas if two very distinct varieties of one species are 
crossed with another species, the hybrids do not differ much. 
But this conclusion, as far as I can make out, is founded 
on a single experiment; and seems directly opposed to the 
results of several experiments made by Kòlreuter. 

Such alone are the unimportant differences which Gàrtner 
is able to point out between hybrid and mongrel plants. On 
the other hand, the degrees and kinds of resemblance in 
mongrels and in hybrids to their respective parents, more 
especially in hybrids produced from nearly related species, 
follow according to Gàrtner the same laws. When two 
species are crossed, one has sometimes a prepotent power 
of impressing its likeness on the hybrid. So I believe it to 
be with varieties of plants; and with animals one variety cer- 
tainly often has this prepotent power over another variety. 
Hybrid plants produced from a reciprocal cross, generally 
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rescmble each othcr closciy; and so it is with mongrcl plants 
from a reciprocal cross. Both hybrids and mongrcls can be 
rediiced to eithcr pitrc parcnt-form, by rcpcatcd crosscs in 
successive gencrations with cither parcnt. 

These several rcmarks are apparcntiy applicable to ani- 
mals; but the subjcct is hcrc much complicatcd, partly owing 
to the existencc of secondary scxual charactcrs; but morc 
cspccially owing to prepotcncy in transmitting likcness run- 
ning more strongly in one scx than in the other, both when 
one species is crossed with anothcr, and whcn onc variety is 
crosscd with anothcr variety. For instancc, I think those 
authors are right who maintain that the ass has a prcpo- 
tcnt power over the horse, so that both the mnle and the 
hinny resemble inorc closely the ass than the horse; 
hut that the prepotency runs inorc strongly in thc malc 
than in the female ass, so that thc mitle, which is thc 
offspring of the male ass and inarc, is more like an ass, 
than is thc hinny, which is thc offspring of the female 
ass and stallion. 

Much strcss has been laid by some authors on the sup- 
posed fact, that it is only with mongrcls that the offspring 
are not intermediate in character, but closcly resemble onc 
of their parents; but this does sometimes occur with hy- 
brids, yet I grant much less frequently than with mongrels. 
Looking to the cases which I havc collccted of cross-brcd 
animals closcly resembling one parcnt, the rcsemblanccs 
seem chiefly confincd to characters almost monstrous in their 
nature, and which have suddenly appeared—such as albinism, 
melanism, deficicncy of tail or horns, or additional fingcrs 
and tocs; and do not relatc to characters which have bccn 
slowly acquircd through selection. A tendency to suddcn 
rcversions to the perfect character of cither parent would, 
also, be much rnorc likcly to occur with mongrcls, which arc 
descended from varietics oftcn suddcnly produccd and scmi- 
monstrous in character, than with hybrids, which arc dc- 
scended from species slowly and natnrally produccd. On ihe 
whole, I entircly agrce with Dr. Prospcr Lucas, who, aftcr 
arranging an cnormous body of facts with respect to animals, 
comes to thc conclusion that thc laws of rcscmblancc ol the 
child to its parcnts are thc same, whcther the two parcnts 
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differ little or much from each other, namely, in the union 
of individuals of the same variety, or of different varieties, 
or of distinct species. 

Independently of the question of fertiHty and sterility, in 
all other respects there seems to be a general and close simi- 
larity in the offspring of crossed species, and of crossed vari- 
eties. If we look at species as having been specially created, 
and at varieties as having been produced by secondary laws, 
this similarity would be an astonishing fact. But it har- 
monises perfectly with the view that there is no essential 
distinction between species and varieties. 

SUMMARY OF CHAPTER. 

First crosses between forms, sufficìently distinct to be 
ranked as species, and their hybrids, are very generally, 
but not universally, sterile. The sterility is of all degrees, 
and is often so slight that the most careful experimentalists 
have arrived at diametrically opposite conclusions in ranking 
forms by this test. The sterility is innately variable in indi- 
viduals of the same species, and is eminently susceptible to 
the action of favourable and unfavourable conditions. The 
degree of sterility does not strictly follow systematic affinity, 
but is governed by several curious and complex laws. It is 
generally different, and sometimes widely different in 
reciprocal crosses between the same two species. It is not 
always equal in degree in a first cross and in the hybrids 
produced from this cross. 

In the same manner as in grafting trees, the capacity in 
one species or variety to take on another, is incidental on 
differences, generally of an unknown nature, in their vege- 
tative systems, so in crossing, the greater or less facility of 
one species to unite with another is incidental on unknown 
differences in their reproductive systems. There is no more 
reason to think that species have been specially endowed 
with various degrees of sterility to prevent their crossing 
and blending in nature, than to think that trees have been 
specially endowed with various and somewhat analogous 
degrees of difficulty in being grafted together in order to pre- 
vent their inarching in our forests. 
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The sterility of first crosses and of tlieir hybrid progcny 
has not been acquired through natural selcction. In the 
case of first crosses it scems to depcnd on several circum- 
stances; in some instances in chief part on the early dcath 
of the embryo. In the case of hybrids, it apparently depends 
on their whole organisation having been disturbed by being 
compounded from two distinct forms; the sterility being 
closely allied to that which so frequently affects pure spccies, 
when exposed to new and unnatural conditions of life. He 
who will explain these latter cascs will be able to explain 
the sterility of hybrids. This view is strongly supported by 
a parallelism of another kind: namely, that, firstly, slight 
changes in the conditions of lifc add to the vigour and fertil- 
ity of all organic beings; and secondly, that the crossing of 
forms, which havc been exposed to slightly different condi- 
tions of life or which have varied, favours the size, vigour, 
and fertility of their offspring. The facts given on the 
sterility of the illegitimate unions of dimorphic and trimor- 
phic plants and of their illegitimate progeny, perhaps ren- 
der it probable that sonie unknown bond in all cases connects 
the degree of fertility of first unions with that of their 
offspring. The consideration of these facts on dimorphism, 
as well as of the results of reciprocal crosses, clearly leads 
to the conclusion that the primary cause of the sterility 
of crossed species is confined to differences in their sexual 
elements. But why, in the case of distinct species, the sexual 
elements should so generally have become more or less modi- 
fied, leading to their mutual infertility, we do not know; 
but it seems to stand in some close relation to spccies hav- 
ing been exposed for long periods of time to nearly uniform 
conditions of life. 

It is not surprising that the difficulty ìn crossing any two 
species, and the sterility of their hybrid offspring, should 
in most cases correspond, even if due to distinct caiises: for 
both depend on the amount of difference between the species 
which are crossed. Nor is it surprising that the facility of 
effecting a first cross, and the fertility of the hybrids thus 
produced, and the capacity of bcing grafted together— though 
this latter capacity evidently depends on widely different cir- 
cuinstances—should all run, to a certain extent, parallel with 
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the systematic affinity of the forms subjected to experiment; 
for systematic affinity includes resemblances of all kinds. 

First crosses between forms known to be varieties, or suffi- 
ciently alike to be considered as varieties, and their mon- 
grel offspring, are very generally, but not, as is so often 
stated, invariably fertile. Nor is this almost universal and 
perfect fertility surprising, when it is remembered how 
liable we are to argue in a circle with respect to varieties 
in a state of nature; and when we remember that the greater 
number of varieties have been produced under domestication 
by the selection of mere external differences, and that they 
have not been long exposed to uniform conditions of life. It 
should also be especially kept in mind, that long-continued 
domestication tends to eliminate sterility, and is therefore 
little likely to induce this same quality. Independently of the 
question of fertility, in all other respects there is the closest 
general resemblance between hybrids and mongrels,—in their 
variability, in their power of absorbing each other by re- 
peated crosses, and in their inheritance of characters from 
both parent-forms. Finally, then, although we are as ig- 
norant of the precise cause of the sterility of fìrst crosses 
and of hybrids as we are why animals and plants removed 
from their natural conditions become sterile, yet the facts 
given in this chapter do not seem to me opposed to the belief 
that species aboriginally existed as varieties. 


CHAPTER X 

On the Imperfection of the Geological Record 

On the absence of intermediate varieties at the present day—On the 
nature of extinct intennediate varieties; on their number—On 
the lapse of time, as inferred from the rate of denudation and 
of deposition —On the lapse of time as estimated by years— 
On the poorness of our palxontological collections—On the in- 
termittence of geological formations—On the denudation of 
granitic areas —On the absence of intermediate varieties in any 
one formation —On the sudden appearance of groups of species 
— On their sudden appearance in the lowest known fossiliferous 
strata — Antiquity of the habitable earth. 

I N the sìxth chapter I eniimeratcd the chief objections 
whìch might be justly urged against the vicws main- 
tained in this volume. Most of them have now bcen dis- 
cussed. One, namely the distinctness of specific forms, and 
their not being blended together by innumerablc transitional 
links, is a very obvious difficulty. I assigned reasons why 
siich links do not commonly occnr at the present day under 
the circumstances apparently most favourablc for their pres- 
cnce, namely on an extensive and continuous arca with grad- 
nated physical conditions. I endcavourcd to show, that the 
life of each species depends in a morc important manner on 
the presence of other already defined organic forms, than on 
climate, and, therefore, that the really governing conditions 
of life do not graduate away quite inscnsibly like heat or 
moìsture. I endeavoured, also, to show that intcrmediate va- 
rìeties, from existing in lesscr numbers than thc forms which 
they connect, will generally be beatcn out and externiinated 
during the course of further modification and improvement. 
The main causc, howcvcr, of innumcrablc intermcdiate links' 
not now occurring everywhere throughout nature, depends on 
the very process of natural sclection, throngh which new va- 
rieties continually takc the placcs of and supplant thcir 
parent-forms. But just in proportion as this process of ex- 
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termination has acted on an enormcits scale, so must the 
number of intermediate varieties, which have formerly ex- 
isted, be truly enormous. Why then is not every geological 
formation and every stratum full of such intermediate links? 
Geolo^ assuredly does not reveal any such finely-graduated 
organic chain; and this, perhaps, is the most obvious and 
serious objection which can be urged against the theory. The 
explanation lies, as I believe, in the extreme imperfection of 
^ the geological record. 

In the first place, it should always be borne in mind what 
sort of intermediate forms must, on the theory, have formerly 
existed. I have found it difficult, when looking at any two 
species, to avoid picturing to myself forms dìrectly intermedi- 
ate between them. But this is a wholly false view; we should 
always look for forms intermediate between each species and 
a common but unknown progenitor; and the progenitor will 
generally have differed in some respects from all its modified 
descendants. To give a simple illustration: the fantail and 
pouter pigeons are both descended from the rock-pigeon; if 
we possessed all the intermediate varieties which have ever 
existed, we should have an extremely close series between 
both and the rock-pigeon; but we should have no varieties 
directly intermediate between the fantail and pouter; none, 
for instance, combining a tail somewhat expanded with a crop 
somewhat enlarged, the characteristic features of these two 
breeds. These two breeds, moreover, have become so much 
modified, that, if we had no historical or indirect evidence 
regarding their '^rigin, it would not have been possible to 
have determined, from a mere comparison of their structure 
with that of the rock-pigeon, C. livia, whether they had de- 
scended from this species or from some other allied form, 
such as C. oenas. 

So, with natural species, if we look to forms very distinct, 
for instance to the horse and tapir, we have no reason to 
suppose that links directly intermediate between them ever 
existed, but between each and an unknown common parent. 
The common parent will have had in its whole organisation 
much general resemblance to the tapir and to the horse; but 
in some points of structure may have dififered considerably 
from both, even perhaps more than they dififer from each 
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other. Hence, in all such cases, we should be unable to rec- 
cgnise the parent-form of any two or more species, even if 
we closely compared the structure of the parent with that of 
ìts modified descendants, unless at the same time wc had a 
nearly perfect chain of the intermediate links. 

It is just possible by the theory, that one of two living 
forms might have descended from the other; for instancc, a 
horse from a tapir; and in this case direct intermcdiate links 
will have existed between them. But such a case would im- 
ply that one form had remained for a very long period unal- 
tered, whilst its descendants had undergone a vast amount 
of change; and the principle of competition between organism 
and organism, betwcen child and parent, will render this a 
very rare event; for in all cases the new and improved forms 
of life tend to supplant the old and unimproved forms. 

By the theory of natural selection all living species have 
been connected with the parent-species of each genus, by dif- 
ferences not greater than we see between the natural and 
domestic varieties of the same species at the present day; and 
these parent-species, now generally extinct, have in their 
turn been similarly connected with more ancient forms; and 
so on backwards, always converging to the common ancestor 
of each great class. So that the number of intermediate and 
transitional Hnks, between all living and extinct specìes, must 
have been inconceivably great. But assuredly, if this theory 
be true, such have lived upon the earth. 

ON THE LAPSE OF TIME, AS INFERRED FROM TIIE RATE OF 
DEPOSITION AND EXTENT OF DENUDATION 

Independently of our not finding fossil remains of such in- 
finitely numerous connecting links, it may be objected that 
time cannot have sufficed for so great an amount of organic 
change, all changes having been effected slowly. It is hardly 
possible for me to recall to the reader who is not a practical 
geologist, the facts leading the mind feebly to comprehend the 
lapse of time. He who can read Sir Charles Lyell’s grand 
work on the Principles of Geology, which the future historian 
will recognise as having produced a revolution in natural 
science, and yet does not admit how vast have been the past 
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periods of time, may at once close this volume. Not that it 
suffices to study the Principles of Geology, or to read special 
treatises by different observers on separate formations, and 
to mark how each author attempts to give an inadequate idea 
of the duration of each formation, or even of each stratum. 
We can best gain some idea of past time by knowing the 
agencies at work, and learning how deeply the surface of the 
land has been denuded, and how much sediment has been de- 
posited. As Lyell has well remarked, the extent and thick- 
ness of our sedimentary formations are the result and the 
measure of the denudation which the earth’s crust has else- 
where undergone. Therefore a man should examine for 
himsclf the great piles of superimposed strata, and watch the 
rivulets bringing down mud, and the waves wearing away the 
sea-cliffs, in order to comprehend something about the dura- 
tion of past time, the monuments of which we see all 
around us. 

It is good to wander along the coast, when formed of mod- 
erately hard rocks, and mark the process of degradation. The 
tides in most cases reach the cliffs only for a short time twice 
a day, and the waves eat into them only when they are 
charged with sand or pebbles; for there is good evidence that 
pure water effects nothing in \vearing away rock. At last 
the base of the clifìf is undermined, huge fragments fall down, 
and these, remaining fixed, have to be worn away atom by 
atom, until after being reduced in size they can be rolled 
about by the waves, and then they are more quickly ground 
into pebbles, sand, or mud. But how often do we see along 
the bases of retreating clifYs rounded boulders, all thickly 
clothed by marine productions, showing how little they are 
abraded and how seldom they are rolled about! Moreover, 
if we follow for a few miles any line of rocky cliff, which is 
undergoing degradation, we find that it is only here and there, 
along a short length or round a promontory, that the cliffs 
are at the present time suffering. The appearance of the sur- 
face and the vegetation show that elsewhere years have 
elapsed since the waters washed their base. 

We have, however, recently learnt from the observations 
of Ramsay, in the van of many excellent observers—of Jukes, 
Geikie, Croll, and others, that subaerial degradation is a 
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much more important agcncy tlian coasl-action, or thc power 
of the waves. The whole surface of thc laiicl is cxposcd to 
the chemical action of thc air and of thc rain-watcr with its 
dissolvcd carbonic acid, and in coldcr countrics to frost; the 
disintegratcd matter is carricd down even gentlc slopcs dur- 
ing heavy rain, and to a greater cxtcnt than inight bc sup- 
poscd, espccially in arid districts, by the wind; it is thcn 
transported by the streams and rivcrs, which whcn rapid 
deepcn their channcls, and trituratc the fragmcnts. On a 
rainy day, even in a gcntly undiilating country, we sce the 
effects of subaerial dcgradation in thc muddy rills which flow 
down every slope. Mcssrs. Ramsay and Whitaker have 
shown, and the observation is a most striking one, that the 
great lines of cscarpmcnt in the Wcalden district and thosc 
ranging across England, which formcrly were looked at as 
ancient sea-coasts, cannot havc becn thus formcd, for cach 
line is composed of one and the samc formation, whilst our 
sea-cliffs are everywhere formed by thc interscction of vari- 
ous formations. This being the case, we arc compelled to 
admit that the escarpments owe thcir origin in chief part to 
the rocks of which they are composcd having resisted subae- 
rial denudation better than the surrounding siirface; this sur- 
face conseqiiently has bccn gradually lowcrcd, with thc lines 
of harder rock left projccting. Nothing imprcsscs the mind 
with the vast duration of timc, according to our idcas of timc, 
more forcibly than the conviction thus gained that subacrial 
agencies which apparcntly havc so littlc powcr, and which 
sccm to work so slowly, havc produced grcat rcsults. 

When thus impresscd with the slow ratc at which thc land 
is worn away through subaerial and littoral action, it is good, 
in order to apprcciatc thc past duration of timc, to consider 
on the one hand, the masscs of rock which havc bcen re- 
moved over many extensivc areas, and on the other hand the 
thickncss of our sedimentary formations. I rcmcmbcr hav- 
ing been much struck whcn vicwing volcanic islands, which 
have been worn by the wavcs and parcd all round into per- 
pendicular cliii"^ of one or two thousand fcct in hcight; for 
the gentle slope of thc .lava-strcams, due to thcir formerly 
liquid statc, showcd at a glancc how far the hard, rocky beds 
had once extcnded into the open occan. Thc samc story is 
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told still more plainly by faults,—those great cracks along 
which the strata have been upheaved on one side, or thrown 
down on the other, to the height or depth of thousands of 
feet; for since the crust cracked, and it makes no great dif- 
ference whether the upheaval was sudden, or, as most geolo- 
gists now believe, was slow and effected by many starts, the 
surface of the land has been so completely planed down that 
no trace of these vast dislocations is externally visible. The 
Craven fault, for instance, extends for upwards of 30 miles, 
and along this line the vertical displacement of the strata 
varies from 600 to 3000 feet. Professor Ramsay has pub- 
lished an account of a downthrow in Anglesea of 2300 feet; 
and he informs me that he fully believes that there is one in 
Merionethshire of 12,000 feet; yet in these cases there is 
nothing on the surface of the land to show such prodigious 
movements; the pile of rocks on either side of the crack 
having been smoothly swept away. 

On the other hand, in all parts of the world the piles of 
sedimentary strata are of wonderful thickness. In the Cor- 
dillera I estimated one mass of conglomerate at ten thou- 
sand feet; and although conglomerates have probably been 
accumulated at a quicker rate than finer sediments, yet from 
being formed of worn and rounded pebbles, each of which 
bears the stamp of time, they are good to show how slowly 
the mass must have been heaped together. Professor Ramsay 
has given me the maximum thickness, from actual measure- 
ment in most cases, of the successive formations in different 
parts of Great Britain; and this is the result:— 


Feet 

Palajozoic strata (not including igneous beds) .571^54 

Secondary strata . 

Tertiary strata. 2,240 


—making altogether 72,584 feet; that is, very nearly thirteen 
and three-quarters British miles. Some of the formations, 
which are represented in England by thin beds, are thousands 
of feet in thickness on the Continent. Moreover, between 
each successive formation, we have, in the opinion of most 
geologists, blank periods of enormous length. So that the 
lofty pile of sedimentary rocks in Britain gives but an inade- 
quate idea of the time which has elapsed during their accu- 
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mulation. The consideration of these various facts imprcsses 
the mind almost in the same manner as does the vain en- 
deavour to grapple with the idea of eternity. 

Nevertheless this impression is partly false. ]\Ir. Croll, in 
an interesting paper, remarks that we do not err “in forming 
too great a conception of the length of geological periods,” 
but in estimating them by years. When gcologists look at 
large and complicated phenomena, and then at the fìgures rep- 
resenting several million ycars, the two produce a totally 
different effect on thc mind, and the figures are at once pro- 
nounced too small. In regard to subaerial denudation, Mr. 
Croll shows, by calculating the known amount of sediment 
annually brought down by certain rivers, relatively to their 
areas of drainage, that looo feet of solid rock, as it became 
gradually disintegrated, would thus be removed from the 
mean level of the whole area in the course of six million 
years. 

ThÌs seems an astonishing result, and some considera- 
tions lead to the suspicion that it niay l)c too large, but even 
if halved or quartered it is still very surprising. Few of us, 
however, know \vhat a million really nieans: Mr. Croll gives 
the following illustration: take a narrow strip of paper, 83 
feet 4 inches in length, and strctch it along the wall of a large 
hall; then mark off at one end the tenth of an inch. This 
tenth of an inch will represent one hundred years, and the 
entire strip a million years. But let it be borne in mind, in 
relation to the subject o£ this work, what a himdred years 
implies, represented as it is by a nieasure utterly insignificant 
in a hall of the above dimensions. Several eminent breeders, 
during a single lifetime, have so largely modified some of the 
higher animals, which propagate their kind much more slowly 
than most of the lower animals, that they have formed what 
well deserves to be called a new sub-hreed. Few men have 
attended with dne care to any one strain for more than half 
a century, so that a hundred years represcnts the work of two 
breeders in succession. It is not to be supposcd that species 
in a state of nature ever change so quickly as doinestic anl- 
mals under the guidance of inethodical sclection. The coin- 
parison would be in every way faircr with the effccts which 
follow from unconscious selection, Ihat is thc preservation of 
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the most useful or beautiful animals, with no intention of 
modifying the breed; but by this process of unconscious 
selection, various breeds have been sensibly changed in the 
course of two or three centuries. 

Species, however, probably change much more slowly, and 
within the same country only a few change at the same time. 
This slowness follows from all the inhabitants of the same 
country being already so well adapted to each other, that new 
places in the polity of nature do not occur until after long 
intervals, due to the occurrence of physical changes of some 
kind, or through the immigration of new forms. Moreover 
variations or individual differences of the right nature, by 
which some of the inhabitants might be better fitted to their 
new places under the altered circumstances, would not always 
occur at once. Unfortunately we have no means of deter- 
mining, according to the standard of years, how long a 
period it takes to modify a species; but to the subject of time 
we must return. 

ON THE POORNESS OF PAL^ONTOLOGICAL COLLECTIONS 

Now let us turn to our richest geological museums, and 
what a paltry display we behold! That our collections are 
imperfect is admitted by every one. The remark of that ad- 
mirable pal^eontologist, Edward Forbes, should never be for- 
gotten, namely, that very many fossil species are known and 
named from single and often broken specimens, or from a 
few specimens collected on some one spot. Only a small por- 
tion of the surface of the earth has been geologically ex- 
plored, and no part with sufficient care, as the important 
discoveries made every year in Europe prove. No organism 
wholly soft can be preserved. Shells and bones decay and 
disappear when left on the bottom of the sea, where sediment 
is not accumulating. We probably take a quite erroneous 
view, when we assume that sediment is being deposited over 
nearly the whole bed of the sea, at a rate sufficiently quick 
to embed and preserve fossil remains. Throughout an enor- 
mously large proportion of the ocean, the bright blue tint of 
the water bespeaks its purity. The many cases on record of 
a formation conformably covered, after an immense interval 
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of time, by another ancl later formation, without the under- 
lying bed having suffercd in the interval any wcar and tear, 
seem cxplicable only on the vicw of the bottom of the sea not 
rarely lying for agcs in an unaltcred condition. The rcmains^ 
which do become embedded, if in sand or gravel, will, when 
the bcds are upraiscd, generally bc dissolved by the pcrcola- 
tion of rain-water charged with carbonic acid. Some of the 
many kinds of animals which live on the bcach between high 
and low water mark seem to bc rarely preserved. For in- 
stance, the several species of the Chthamalinae (a sub-family 
of sessile cirripedes) coat the rocks all over the world in 
infinite numbers; they arc all strictly litloral, with the exccp- 
tion of a single Mediterranean specics, which inhabits dcep 
water, and this has becn found fossil in Sicily, whcrcas not 
onc other species has hitherto becn found in any tertiary 
formation; yct it is known that the genus Chthamalus ex- 
isted during the Chalk period. Lastly, many great deposits 
requiring a vast length of time for thcir accumulation, are 
entirely destitute of organic remains, without our bcing ablc 
to assign any reason: one of the rnost striking instanccs is 
that of the Flysch formation, which consists of shale and 
sandstone, several thousand, occasionally even six thousand 
feet in thickness, and extending for at least 300 miles from 
Vienna to Switzerland; and although this grcat inass has 
been inost carefully scarched, no fossils, cxccpt a fcw v'ege- 
table remains, have been found. 

With rcspect to the terrestrial productions which livcd 
during the Secondary aiid PakTOzoic periods, it is supcrfluous 
to state that our evidence is fragmcntary in an cxtreme de- 
gree. For instance, until rccently not a land-shell was known 
belonging to either of these vast periods, with the cxception 
of one species discovercd by Sir C. Lyell and Dr. Dawson in 
thc carboniferous strata of North Anierica; but now land- 
shells have been found in the lias. Tn regard to mammifer-n 
ous remains, a glancc at thc historical table published in 
LycH’s Manual will bring homc thc truth, how accidcntal and 
rare is their prcservation, far bettcr than pages of detail. 
Nor is their rarity surprisìng, whcn we rcmember how largc • 
a proportion of thc boncs of tertiary mammals Iiavc been | 
discovered cither in cavcs or in lacustrinc deposits; and that » 
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not a cave or true lacustrine bed is known belonging to the 
age of our secondary or palseozoic formations. 

^ But the imperfection in the geological record largely re- 
sults from another and more important cause than any of the 
foregoing; namely, from the several formations being sep- 
arated from each other by wide intervals of time. This doc- 
trine has been emphatically admitted by many geologists and 
palaeontologists, who, like E. Forbes, entirely disbelieve in 
the change of species. When we see the formations tabulated 
in written works, or when we follow them in nature, it is 
difficult to avoid believing that they are closely consecutive. 
But we know, for instance, from Sir R. Murchison's great 
work on Russia, what wide gaps there are in that country 
between the superimposed formations; so it is in North 
America, and in many other parts of the world. The most 
skilful geologist, if his attention had been confìned exclusively 
to these large territories, would never have suspected that, 
during the periods which were blank and barren in his own 
country, great piles of sediment, charged with new and pe- 
culiar forms of life, had elsewhere been accumulated. And 
if, in each separate territory, hardly any idea can be formed 
of the length of time which has elapsed between the consecu- 
tive formations, we may infer that this could nowhere be 
ascertained. The frequent and great changes in the mineral- 
ogical composition of consecutive formations, generally im- 
plying great changes in the geography of the surrounding 
lands, whence the sediment was derived, accord with the 
belief of vast intervals of time having elapsed between each 
formation. 

^ We can, I think, see why the geologìcal formations of each 

\ region are almost invariably intermittent; that is, have not 
\ followed each other in close sequence. Scarcely any fact 
struck me more when examining many hundred miles of the 
South American coasts, which have been upraised several 
hundred feet within the recent period, than the absence of 
any recent deposits sufficiently extensìve to last for even a 
short geological period. Along the whole west coast, which 
is inhabited by a peculiar marine fauna, tertiary beds are so 
poorly developed, that no record of several successive and 
peculiar marine faunas will probably be preserved to a distant 
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age. A Httle reflection will explain why, along the rising 
coast of the western side of South Ameiica, no extensive 
formations with recent or tertiary remains can aiiywhere be 
found, though the supply of sediment must for ages have 
been great, from the enormous degradation of the coast-rocks 
and froni niuddy streams entering the sea. The explanation,' 
no doubt, is, that tlie littoral and sub-Iittoral deposits are 
continually worn away, as soon as they are brought up by 
the slow and gradual rising of the land within the grinding 
action of the coast-waves. 

\Ve may, I think, conclude that sediment must be accumu- 
la ted in extremely thick, soirdT^ r extensive masses, in o rder 
t o with^and the incessant act ion of the wavcs, when first 
upraised a,nd djjring successive oscillations of level, as well as 
the subsequent subaerial degradation. Such thick and ex- 
tensrvè~?r^umuIations of sediment may be formed in two ’ 
ways; either in profound depths of the sea, in which case~T 
the bottom will not be inhabited by so many and such varied J 
forms of life, as the more shallow seas; and the mass when 
upraised will give an imperfect record of the organisms 
which existed in the neighbourhood during the period of its 
accumulation. Or, sediment may be deposited to any thick- 
ness aiid extent over a shallow bottom, if it continue slowly 
to subside. In this latter case, as long as the rate of subsi- 
dence and the supply of sediment nearly balance each other, ^ 
the sea will remain shallow and favourable for many and 
varied forms, and thus a rich fossiliferous forniation, thick 
enough, when upraised, to resist a large amount of denuda- 
tion, may be formed. 

I am convinced that nearly all our ancient formations, 
which are throughout the greater part of their thickness rich 
in fossilSj have thus been formed during subsidence. Since 
publishing my views on this subject in 1845, ^ have watched 
the progress of Geolog^', and have been surprised to note how 
author after autlior, in treating of this or that great forma- 
tion, has come to the conclusion tliat it was accumiilated 
during subsidence. I may add, that the only ancient tertiary 
formation on the west coast of South America, which has 
been bulky enough to resist such degradation as it has as yet 
suffered, but which will hardly last to a distant geological 
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formed the primordial nucleus of the globe. will admit that 
these latter rocks have been stript of their covering to an 
enormous extent. For it is scarcely possible that such rocks 
could have been solidified and crystallized whilst uncovered; 
but if the metamorphic action occurred at profound depths of 
the ocean, the former protecting mantle of rock may not have 
been \ery thick. Admitting then that gneiss, mica-schist, 
granite, diorite, &c., were once necessarily covered up. how 
can we account for the naked and extensive areas of such 
rocks in many parts of the world, except on the belief that 
they have subsequently been completely denuded of all over- 
lying strata? That such extensive areas do exist cannot be 
doubted; the granitic region of Parime is described by Ilum- 
boldt as being at least nineteen times as large as Switzerland. 
South of the Amazon, Bouè colours an area composed of 
rocks of this nature as equal to that oi Spain, France, Italy, 
part of Germany, and the British Islands, all conjoined. This 
region has not been carefully explored, but from the concur- 
rent testimony of travellers, the granitic area is yery large; 
thus, Von Eschwege gives a detailed section of these rocks, 
stretching from Rio de Janeiro for 260 geographical miles 
inland in a straight line; and I travelled for 150 miles in 
another direction, and saw nothing but granitic rocks. Xu- 
merous specimens, collected along the whole coast from near 
Rio Janeiro to the mouth of the Plata, a distance of iioo geo- 
graphical miles, were examined by me, and they all belonged 
to this class. Inland, along the whole northern bank of the 
Plata I saw, besides modern tertiary beds. only one small 
patch of slightly metamorphosed rock, which alone could 
have formed a part of the original capping of the granitic 
series. Turning to a well-known region, namely, to the 
United States and Canada, as shown in Professor H. D. 
Rogers's beautiful map, I have estimated the areas by cutting 
out and weighing the paper, and I find that the metamorphic 
(excluding “the semi-metainorphic’*) and granitic rocks ex- 
ceed, in the proportion of 19 to 12-5, the whole of the newer 
Palseozoic formations. In many regions the metamorphic and 
granitic rocks would be found much more widely extended 
than they appear to be, if all the sedimentar}* beds were re- 
moved which rest unconformably on them, and which could 
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not have formed part of the original mantle under whìch they 
were crystallized. Hence it is probable that in some parts 
of the world whole formations have been completely de- 
nuded, with not a wreck left behind. 

One remark is here worth a passing notice. During periods 
of elevation the area of the land and of the adjoining shoal 
parts of the sea will be increased, and new stations will often 
be formed:—all circumstances favourable, as previously ex- 
plained, for the formation of new varieties and species; but 
during such periods there will generally be a blank in the 
geological record. On the other hand, during subsidence, the 
inhabited area and number of inhabitants will decrease (ex- 
cepting on the shores of a continent when first broken up into 
an archipelago), and consequently during subsidence, though 
there will be much extinction, few new varieties or species 
will be formed; and it is during these very periods of subsi- 
dence, that the deposits which are richest in fossils have been 
accumulated. 


fTh 


ON THE ABSENCE OF NUMEROUS INTERMEDIATE VARIETIES 
IN ANY SINGLE FORMATION 

From these several considerations, it cannot be doubted 
that the geological record, viewed as a whole, is extremely 
[^imperfect; but if we confine our attention to any one forma- 
tion, it becomes much more difficult to understand why we do 
not therein find closely graduated varieties between the allied 
species which lived at its commencement and at its close. 
Several cases are on record of the same species presenting 
varieties in the upper and lower parts of the same formation; 
thus, Trautschold gives a number of instances with Ammo- 
nites; and Hilgendorf has described a most curious case of 
ten graduated forms of Planorbis multiformis in the succes- 
sive beds of a fresh-water formation in Switzerland. Although 
each formation has indisputably required a vast number of 
years for its deposition, several reasons can be given why 
each should not commonly include a graduated series of links 
between the species which lived at its commencement and 
close; but I cannot assign due proportional weight to the 
following considerations. 
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Although each forination may mark a very long lapse of 
years, each probably is short compared with the period requi- 
site to change one species into another. I am aware that two 
palaeontologists, whose opinions are worthy of much defer- 
ence, namely Bronn and Woodward, have concluded that the 
average duration of each formation is twice or thrice as long 
as the average duration of specific forms. But insuperable 
difficultie^, as it seems to me, prevent us from coming to any 
just conclusion on this head. \\'hen we see a species first 
appearing in the middle of any formation, it would be rash 
in the extreme to infer that it had not elsewhere previously 
existed. So again when wc find a species disappearing before 
the last layers have been deposited, it would be equally rash 
to suppose that it then became extìnct. We forget how small 
the area of Europe is compared wìth the rest of the world; 
nor have the several stages of the same formation throughout 
Europe been correlated with perfect accuracy. 

We may safely infer that with marine animals of all kinds 
there has been a large amount of migration due to climatal 
and other changes; and when we see a species first appearing 
in any formation, the probability is that it only then first im- 
migrated irito that area. It is well known, for instance, that 
several species appear somewhat earlier in the palaeozoic beds 
of North America than in those of Europe; time having ap- 
parently been required for their migration from the American 
to the European seas. In examining the latest deposits ìn 
various quarters of the world, it has everywhere been noted, 
that some few still existing species are common in the de- 
posit, but have become extinct in the immediately surround- 
ing sea; or, conversely, that some are now abundant in the 
neighbouring sea, but are rare or absent in this particular 
deposit. It is an excellent lesson to reflect on the ascer^ 
tained amount of mìgration of the inhabitants of Europe dur- 
ing the glacial epoch, which forms only a part of one whole 
geological period; and likewise to reflect on the changes of 
level, on the extreme change of climate, and on the great"] 
lapse of time, all included within this same glacial period. 1 
Yet it may be doubted whether, in any quartcr of the world, 
sedimentary deposits, inchiding fossil reniainSj have gone on 
accumulating within the same area during the whole of this 
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period. It is not, for instance, probable that sediment was 
deposited during the whole of the glacial period near the 
mouth of the Mississippi, within that limit of depth at which 
marine animals can best flourish; for we know that great 
geographical changes occurred in other parts of America dur- 
ing this space of time. When such beds as were deposited in 
shallow water near the mouth of the Mississippi during some 
part of the glacial period shall have been upraised, organic 
remains will probably first appear and disappear at different 
levels, owing to the migrations of species and to geographical 
changes. And in the distant future, a geologist, examining 
those beds, would be tempted to conclude that the average 
duration of life of the embedded fossils had been less than 
that of the glacial period, instead of having been really far 
greater, that is, extending from before the glacial epoch to 
the present day. 

In order to get a perfect gradation between two forms in 
the upper and lower parts of the same formation, the deposit 
must have gone on continuously accumulating during a long 
period, sufficient for the slow process of modification; hence 
the deposit must be a very thick one; and the species under- 
going change must have lived in the same district throughout 
the whole time. But we have seen that a thick formation, 
fossiliferous throughout its entire thickness, can accumulate 
only during a period of subsidence; and to keep the depth ap- 
proxi'mately the same, which is necessary that the same 
marine species may live on the same space, the supply of 
sediment must nearly counterbalance the amount of subsi- 
dence. But this same movement of subsidence will tend to 
submerge the area w'hence the sediment is derived, and thus 
diminish the supply, whilst the downward movement con- 
tinues. In fact, this nearly exact balancing between the 
supply of sediment and the amount of subsidence is probably 
a rare contingency; for it has been observed by more than 
one paljeontologist, that very thick deposits are usually 
barren of organic remains, except near their upper or lower 
limits. 

It would seem that each separate formation, like the whole 
pile of formations in any country, has generally been inter- 
mittent in its accumulation. When we see, as is so often the 
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case, a fonnation coinposed of bcds of widely differcnt inin- 
cralogical composition, we may reasonably siispect tliat the 
process of deposition has been more or less interruptcd. Nor 
will the closest inspection of a formation givc us any idea o£ 
the Icngth o£ timc which its deposition may have consumed. 
Many instanccs could bc given of beds only a fcw feet 
in thickncss, representing formations, which are elsewhere 
thousands o£ fcct in thickness, and which must have rcquired 
an enormous period for their accumulation; yct no onc igno- 
rant of this fact would have even suspected the vast lapse of 
time represented by the thinner formation. IMany cases could 
be given of the lower beds of a formation having been up- 
raised, denuded, submerged, and then re-covercd by thc upper 
beds of the same formation,—facts, showing what wide, yet 
easily overlooked, intervals have occurred in its accumula- 
tion. In other cases we have thc plaincst evidence in great 
fossilised trees, still standing upright as they grew, of many 
long intervals of time and changes of levcl during the process 
of deposition, which would not have been suspcctcd, had not 
the trees been preserved: thus Sir C. Lyell and Dr. Dawson 
found carboniferous beds 1400 fcet thick in Xova Scotia, with 
ancient root-bearing strata, onc abovc the other at no less 
than sixty-eight different levels. Hencc, when the same*^ 
species occurs at the bottom, middle, and top of a formation, 
the probability is that it has not lived on the same spot dtiring 
the whole pcriod o£ deposition, but has disappeared and rcap- 
pearcd, perhaps many times, during the samc geological i 
period. Consequently if it were to undcrgo a considcrable 
amount of modifìcation during the dcposition of any one geo- 
logical formation, a section jvotild not include all the fine 
intermc diatc gradatloiisNvhich musf di-rour Ih'cor v have ex- 
ist ed,^but abrupt, though perhaps slig ht, changes of forni. 

ìt is all-important to remember that naturalists have no 
golden rule by which to distinguish species and varieties; 
they grant some little variability to each species, but when 
they meet with a somewhat greater amount of differcnce be- 
tween any two forms, they rank both as specics, unless ihey 
are enablcd to connect them together by the closcst iiiter- 
mediate gradations; and this, from the reasons just assigned, 
we can seldom hope to effect in any onc geological scction. 
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Supposìng B and C to be two specìes, and a thìrd, À, to be 
found in an older and underiying bed; even if A were strictly 
intermediate between B and C it wouid simply be ranked as a 
third and distinct species, unless at the same time it could be 
closely connected by intermediate varieties with either one or 
both forms. Nor should it be forgotten, as before explained, 
that A might be the actual progenitor of B and C, and yet 
would not necessarily be strictly intermediate between them 
in all respects. So that we might obtain the parent-species 
and its several modified descendants from the lower and 
upper beds of the same formatìon, and unless we obtained 
numerous transitional gradations, we should not recognise 
their blood-relationship, and should consequently rank them 
^s distinct species. 

It is notorious on what excessively slight differences many 
palaeontologists have founded their species; and they do this 
the more readily if the specimens come from difìferent sub- 
stages of the same formation. Some experienced concholo- 
gists are now sinking many of the very fine species of 
D’Orbigny and others into the rank of varieties; and on this 
view we do find the kind of evidence of change which on the 
theory we ought to find. Look again at the later tertiary de- 
posits, which include many shells believed by the majority of 
naturalists to be identical with existing species; but some ex- 
cellent naturalists, as Agassiz and Pictet, maintain that all 
these tertiary species are specifically distinct, though the dis- 
tinction is admitted to be very slight; so that here, unless we 
believe that these eminent naturalists have been misled by 
their imaginations, and that these late tertiary species really 
present no difference whatever from their living representa- 
tives, or unless we admit, in opposition to the judgment of 
most naturalists, that these tertiary species are all truly dis- 
tinct from the recent, we have evidence of the frequent oc- 
currence of slight modifications of the kind required. If we 
look to rather wider intervals of time, namely, to distinct but 
consecutive stages of the same great formation, we find that 
the embedded fossils, though universally ranked as specific- 
ally different, yet are far more ciosei^ related to each other 
than are the species found in more widely separated forma- 
tions; so that here again we have undoubted evidenct of 
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change Ìn the direction required by the theory; but to this 
latter subject I shall return in the following chapter. 

With animals and plants that propagate rapldly and do not 
wander much, thcre is reason to suspect, as we have formerly 
secn, that their varietìes are generally at first local; and that 
such local varieties do not spread widely and supplant 
their parent-forms until they have becn modified and pcr- 
fected in some considerable degree. According to this view, 
the chance of discovering in a formation in any one country 
all the early stages of transition bctween any two forms, is 
small, for the successive changcs are supposed to have been 
local or confined to some one spot. Alost marine animals 
have.a wide range; and we have seen that with plants it is 
those which have the widest range, that oftenest present va- 
rieties; so that, with shells and other marine animals, it is 
probable that those which had the widest range, far exceed- 
ing the limits of the known geological formations in Europe, 
have oftenest given rise, first to local varieties and ultimately 
to new species; and this again would greatly lessen the 
chance of our being able to trace the stages of transition in 
any one geological formation. 

It is a more important consideration, leading to the same\ 
result, as lately insisted on by Dr. Falconer, namely, that the 
period during which each species underwent modification, 
though long as measured by ycars, was probably short in 
comparison with that during which it remained without un- 
dergoing any change. 

It should not be forgotten, that at the present day, with 
perfect specimens for examination, two forms can seldom be 
connected by intermediate varleties, and thus proved to be 
the same species, until many specimens are collected from 
many places; and with fossil species this can rarely be done. 
We shall, perhaps, best perceive the improbability of our 
being enabled to connect species by numerous, fine, inter- 
mediate, fossil links, by asking oursclves whether, for in- 
stance, geologists at some future period will be able to prove 
that our different breeds of cattlc, shcep, horses, and dogs arc 
descendcd from a single stock or from scveral aboriginal 
stocks; or, again, whether certain sea-shclls inhabiting the 
shores of North America, which are ranked by some con- 
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chologists as distinct species from their European representa- 
tives, and by other conchologists as only varieties, are really 
varieties, or are, as it is called, specifically distinct. This 
could be efifected by the future geologist only by his discov- 
ering in a fossil state numerous intermediate gradations; and 
such success is improbable in the highest degree. 

It has been asserted over and over again, by writers who 
believe in the immutability of species, that geology yields 
no linking forms. This assertion, as we shall see in the next 
chapter, is certainly erroneous. As Sir J. Lubbock has re- 
marked, '‘Every species is a link between other allied forms.” 
If we take a genus having a score of species, recent and ex- 
tinct, and destroy four-fifths of them, no one doubts that the 
remainder will stand much more distinct from each other. 
If the extreme forms in the genus happen to have been thus 
destroyed, the genus itself will stand more distinct from 
other allied genera. What geological research has not re- 
vealed, is the former existence of infinitely numerous grada- 
tions, as fine as existing varieties, connecting together nearly 
all existing and extinct species. But this ought not to be ex- 
pected; yet this has been repeatedly advanced as a most 
serious objection against my views. 

It may be worth while to sum up the foregoing remarks on 
the causes of the imperfection of the geological record under 
an imaginary illustration. The Malay Archipelago is about 
the size of Europe from the North Cape to the Mediter- 
ranean, and from Britain to Russia; and therefore equals all 
the geological formations which have been examined with any 
accuracy, excepting those of the United States of America. 
I fully agree with Mr. Godwin-Austen, that the present con- 
dition of the Malay Archipelago, with its numerous large 
islands separated by wide and shallow seas, probably repre- 
sents the former state of Europe, whilst most of our forma- 
tions were accumulating. The Malay Archipelago is one of 
the richest regions in organic beings; yet if all the species 
were to be collected which have ever lived there, how im- 
perfectly would they represent the natural history of the 
world! 

But we have every reason to believe that the terrestrial 
productions of the archipelago would be preserved in an ex- 
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tremely imperfect maniier in thc formations which we sup- 
pose to be there accuinulating. Not many of the strictly 
littoral animals, or of those which lived on naked submarine 
rocks, would be embeddcd; and those embedded in gravel or 
sand would not endure to a distaut epoch. Whcrevcr sedi- 
ment did not accumulate on the bed of the sea, or where it 
did not accumulate at a sufficient rate to protect organic 
bodies from decay, no remains could bc preserved, 

Formations rich in fossils of many kinds, and of thickness 
sufficient to last to an agc as distant in futurity as the sec- 
ondary formations lie in the past, would generally be forrned 
in the archipelago only during periods of subsidence. These 
periods of subsidence would bc scparatcd froni cach other 
by immense intervals of time, during which the area would 
be either stationary or rising; whilst rising, the fossiliferous 
formations on the steeper shores would be destroyed, almost 
as soon as accumulated, by the incessant coast-action, as we 
now see on the shores of South America. Even throughout 
the extensive and shallow seas within the archipelago, sedi- 
mentary beds could hardly be accumulated of great thickness 
during the periods of elevation, or become capped and pro- 
tected by subsequent deposits, so as to have a good chance of 
enduring to a very distant future. During the periods 
of subsidence, there would probably be much extinction 
of life; during the periods of elevation, thcre would be much 
variation, but the geological record would then be less 
perfect. 

It may be doubted whether the duration of any one great 
period of subsidence over the whole or part of the archipel- 
ago, together with a conternporancous accumulation of sedi- 
ment, would excccd the average duration of the same specific 
forms; and these contingencies are indispensable for the pres- 
ervation of all the transitional gradations between any two or 
more spccies. If such gradations were not all fully pre- 
served, transìtional varieties would mcrcly appear as so niany 
new, though closely allicd spccies. It is also probable thatf^ 
each great period of subsidence would bc interrupted by os- 
cillations of level, and that slight climatal cliangcs would 
intervene during such Icngthy periods; and in these cases the 
inhabitants of the archipclago would inigrate, and no closely 
L—IIC XI 





354 


ORIGIN OF SPECIES 


j consecutive record of their modifications could be preserved 
L— in any one formation. 

Very many of the marine inhabitants of the archipelago 
now range thousands of miles beyond its confines; and anab 
ogy plainly leads to the belief that it would be chiefly these 
far-ranging species, though only some of them, which would 
oftenest produce new varieties; and the varieties would at 
first be local or confined to one place, but if possessed of any 
decided advantage, or when further modified and improved, 
they would slowly spread and supplant their parent-forms. 
When such varieties returned to their ancient homes, as they 
would difìfer from their former state in a nearly uniform, 
though perhaps extremely slight degree, and as they would 
be found embedded in slightly different sub-stages of the 
same formation, they would, according to the principles fol- 
lowed by many palaeontologists, be ranked as new and distinct 
species. 

I If then there be some degree of truth in these remarks, we 
\ have no right to expect to find, in our geological formations, 
1 an infinite number of those fine transitional forms which, on 
1 our theory, have connected all the past and present species 
Lof the same group into one long and branching chain of life. 
We ought only to look for a few links, and such assuredly 
we do find— some more distantly, some more closely, related 
to each other; and these links, let them be ever so close, if 
found in different stages of the same formation, would, by 
^many palseontologists, be ranked as distinct species. But I 
^ do not pretend that I should ever have suspected how poor 
was the record in the best preserved geological sections, had 
not the absence of innumerable transitional links between the 
species which lived at the commencement and close of each 
formation, pressed so hardly on my theory. 

ON THE SUDDEN APPEARANCE OF-\VHOLE GROUPS OF 
ALLIED SPECIES 

The abrupt manner in which whole groups of species sud- 
idenly appear in certain formations, has been urged by several 
palseontologists—for instance, by Agassiz, Pictet, and Sedg- 
wick—as a fatal objection to the belief in the transmutation 
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of species. If nunierous species, belonging to the same gen- 
era or families, have really started into life at once, the fact 
vvould be fatal to the theory of evolution through natural 
selection. For the development by this means of a group of 
forms, all of which are descended from some one progenitor, 
must have been an extremely slovv process; and the progenì- 
tors inust have lived long before their modified descendants, 
But vve continually overrate the perfection of the geological 
record, and falsely infer, because certain genera or families 
have not been found beneath a certain stage, that they did 
not exist before that stage. In all cases positive palaeonto- 
logical evidence may be implicitly trusted; negative evidence 
is vvorthless, as experience has so often shovvn. \Ve contin- 
ually forget how large the vvorld is, compared vvith the area 
over vvhich our geological formations have been carefully ex- 
amined; we forget that groups of species may elsevvhere have 
long existed, and have slovvly multiplied, before they invaded 
the ancient archipelagoes of Europe and the United States. 
\Ve do not make due allovvance for the intervals of time 
which have elapsed betvveen our consecutive formations,— 
longer perhaps in many cases than the time required for the 
accumulation of each formation. These intervals vvill have 
given time for the multiplication of species from some one 
parent-form: and in the succeeding formation, such groups 
or species will appear as if suddenly crcated. 

I may here recall a remark formerly made, namely, that it 
might require a long siiccession of ages to adapt an orgaiiism 
to some new and peculiar line of life, for instance, to fly 
through the air; and consequently that the transitional forins 
vvould often long remain confined to some one region; but 
that, when this adaptation had once been effccted, and a fevv 
species had thus acquired a great advantagc over other or- 
ganisms, a comparatively short time would be necessary to 
produce many divergent forms, vvhich woiild spread rapidly 
and widely, throughout the vv'orld Professor Pictet, Ìn his 
excellent Revievv of this vvork, in commenting on early 
transitional forms, and taking birds as an illustration, cannot 
see how the successive modifications of the anterior limbs of 
a supposed prototype could possibly have hcen of any advan- 
tage. But look at the penguins of the Southern Ocean; hav^e 
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not these bìrds their front limbs in this precise intermedìate 
state of “neither true arms nor true wings’’? Yet these birds 
hold their place victoriously in the battle for life; for they 
exist in infinite numbers and of many kinds. I do not sup- 
pose that we here see the real transitional grades through 
which the wings of birds have passed; but what special diffi- 
culty is there in believing that it might profit the modified 
descendants of the penguin, first to become enabled to flap 
along the surface of the sea like the logger-headed duck, and 
ultimately to rise from its surface and glide through the air ? 

I will iiow give a few examples to illustrate the foregoing 
remarks, and to show how liable we are to error in supposing 
that whole groups of species have suddenly been produced. 
Even in so short an interval as that between the first and 
second editions of Pictet’s great work on Palseontology, pub- 
lished in 1844-46 and 1853-57, tlie conclusions on the first ap- 
pearance and disappearance of several groups of animals 
have been considerably modified; and a third edition would 
require still further changes. I may recall the well-known 
fact that in geological treatises, published not many years 
ago, mammals were always spoken of as having abruptly 
come in at the commencement of the tertiary series. And 
now one of the richest known accumulations of fossil mam- 
mals belongs to the middle of the secondary series; and true 
mammals have been discovered in the new red sandstone at 
nearly the commencement of this great series. Cuvier used 
to urge that no monkey occurred in any tertiary stratum; but 
now extinct species have been discovered ìn India, South 
America, and in Europe, as far back as the miocene stage. 
Had it not been for the rare accident of the preservation of 
footsteps in the new red sandstone of the United States, who 
would have ventured to suppose that no less than at least 
thirty different bird-like animals, some of gigantic size, existed 
during that period? Not a fragment of bone has been dis- 
covered in these beds. Not long ago, palaeontologists main- 
tained that the whole class of birds came suddenly into ex- 
istence during the eocene period; but now we know, on the 
authority of Professor Owen, that a bird certainly lived dur- 
ing the deposition of the upper greensand; and still more re- 
cently, that strange bird, the Archeopteryx, with a long 
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lizard-Iike tail, bearing a pair of fcathers on cach joint, and 
with its wings furnished with two frce claws, has been dis- 
covered in the oolitic slatcs of Solenhofcn. Hardly any rccent 
dìscovcry shows morc forcibly than this, how little we as yet 
know of the fonner inhabitants of the world. 

I may givc anotlier instancc, which, from having passed 
under my own cyes, has much struck me. In a meinoir on 
Fossil Sessile Cirripcdes, I statcd that, from the large numbcr 
of existing and extinct tertiary species; from thc extraordi- 
nary abundance of the individuals of many species all over 
the vvorld, from the Arctic regions to the equator, inhabiting 
various zones of depths from the upper tidal limits to 50 
fathoms; from the perfcct manncr in which specimens are 
preserved in the oldest tcrtiary beds; from the ease with 
whìch even a fragment of a valve can bc rccognized; from 
all these circumstances, I inferrcd that, had scssile cirripedes 
existed during the secondary periods, thcy vv'ould certaìnly 
have been preserved and discovcred; and as not onc spccies 
had then been discovered in beds of this age, I concluded that 
this great group had been suddenly developed at the com- 
mencement of the tertiary scries. This was a sorc trouble 
to me, adding as I then thought one more instance of the 
abrupt appearancc of a great group of specics. But my work 
had hardly been published, when a skilful paloeontologist, iM. 
Bosquet, sent me a drawing of a perfcct specimcn of an un- 
mistakcable sessile cirripede, which he had himself extracted 
from the chalk of Bclgium. And, as if to niakc the case as 
striking as possiblc, this cirripedc was a Chthamalus, a vcry 
common, large, and ubiquitous genus, of which not one 
species has as yet becn found even in any tertiary stratum. 
StiII more rccently, a Pyrgoma, a member of a distinct sub- 
family of sessilc cirripcdes, has been discovcred by Mr. 
Woodw’ard in the upper chalk; so that vv^e now have abundant 
evidence of the cxisteiicc of this group of animals during the 
secondary pcriod. 

Thc casc most frcquently insisted on by paLxontologists of 
the apparcntly suddcn appcarance of a vvhole group of spccies, 
is that of the teleostean fishes, low down, according to Agas- 
siz, in thc Chalk pcriod. This group includcs thc largc nia- 
jority of existing specics. But ccrtain Jurassic and Triassic 
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forms are novv commonly admìtted to be teleostean ; and even 
some palseozoic forms have thus been classed by one high 
authority. If the teleosteans had really appeared suddenly in 
the northern hemisphere at the commencement of the chalk 
formation, the fact would have been highly remarkable; but 
it would not have formed an insuperable difficulty, imless it 
could likewise have been shown that at the same period the 
species were suddenly and simultaneously developed in other 
quarters of the world. It is almost superfluous to remark 
that hardly any fossil-fish are known from south of the 
equator; and by running through PictePs Palseontology Ìt will 
be seen that very few species are known from several forma- 
tions in Europe. Some few families of fish now have a con- 
fined range; the teleostean fishes might formerly have had a 
similarly confined range, and after having been largely de- 
veloped in some one sea, have spread widely. Nor have we 
any right to suppose that the seas of the world have always 
been so freely open from south to north as they are at pres- 
ent. Even at this day, if the Malay Archipelago were con- 
verted into land, the tropical parts of the Indian Ocean would 
form a large and perfectly enclosed basin, in which any great 
group of marine animals might be multiplied; and here they 
would remain confined, until some of the species became 
adapted to a cooler climate, and were enabled to double the 
Southern capes of Africa or Australia, and thus reach other 
and distant seas. 

From these considerations, from our ignorance of the geol- 
ogy of other countries beyond the confines of Europe and the 
United States, and from the revolution in our palseontological 
knowledge effected by the dìscoveries of the last dozen years, 
it seems to me to be about as rash to dogmatize on the suc- 
cession of organic forms throughout the world, as it would 
be for a naturalist to land for five minutes on a barren point 
in Australia, and then to discuss the number and range of its 
productions. 
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ON THE SUDDEN APPEARANCE OF GROUPS OF ALLIED SPECIES 
IN TIIE LOWEST KNOWN FOSSILIFEROUS STRATA 

There is anothcr and allied difficulty, which is much more 
serious. I allude to the inanner in which spccies belonging 
to several of the niain divisions of the aniinal kingdoni sud- 
denly appear in the lowest known fossiliferous rocks. Most 
of the arguments which have convinced ine that all the cx- 
isting species of the sanie group are descended from a single 
progenitor, apply with equal force to the earlicst known 
species. For instance, it cannot be doubted that all the 
Cambrian and Silurian trilobites are dcscended from sonie 
one crustacean, which must have livcd long before the Cam- 
brian age, and which probably differed greatly from any 
known animal. Some of the most ancient animals, as the 
Nautilus, Lingula, &c., do not difìfer much from living species; 
and it cannot on our theory be supposed, that these old spe- 
cies were the progenitors of all the species belonging to the 
same groups which have subscquently appcared, for they are 
not in any degree interinediate in character. 

Consequently, if the theory be truc, it is indisputable that 
before the lowest Cambrian stratum was deposited long peri- 
ods elapsed, as long as, or probably far longer than, the whole 
interval from the Cambrian age to the present day; and that 
during these vast periods the world swarmed with living 
creatures. Here we encounter a formidable objection; for it 
seems doubtful whether the earth, in a fìt state for the habi- 
tation of living creatures, has lasted long enough. Sir W. 
Thompson concludcs that the consolidation of the crust can 
hardly have occurred less than 20 or more than 400 million 
years ago, but probably not less than 98 or more than 200 
million years. These very wide limits show how doubtfiil 
the data are; and other elemcnts may have hereafter to be 
introduced into the problem. Mr. Croll estìmates that about 
60 million years have elapsed since the Cambrian period, but 
this, judging from the small amount of organic change since 
the commencement of thc GlacÌal epoch, appears a very short 
time for the many and great mntations of life, which have 
certainly occurred since the Cainbrian formation; and the 
previous 140 million years can hardly bc considered as suffi- 
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cient for the development of the varied forms of life which 
already existed during the Cambrian period. It is, however, 
probable, as Sir William Thompson insists, that the world at 
a very early period was subjected to more rapid and violent 
changes in its physical conditions than those now occurring; 
and such changes would have tended to induce changes at a 
corresponding rate in the organisms which then existed. 

To the question why we do not find rich fossiliferous de- 
posits belonging to these assumed earliest periods prior to the 
Cambrian system, I can give no satisfactory answer. Sev- 
eral eminent geologists, with Sir R. Murchison at their head, 
were until recently convinced that we beheld in the organic 
remains of the lowest Silurian stratum the first dawn of life. 
Other highly competent judges, as Lyell and E. Forbes, have 
disputed this conclusion. We should not forget that only a 
small portion of the world is known with accuracy. Not very 
long ago M. Barrande added another and lower stage, 
abounding with new and peculiar species, beneath the then 
known Silurian system; and now, still lower down in the 
Lower Cambrian forniation, Mr. Hicks has found in South 
Wales beds rich in trilobites, and containing various molluscs 
and annelids. The presence of phosphatic nodules and bitu- 
minous matter, even in some of the lowest azoic rocks, prob- 
ably indicates life at these periods; and the existence of the 
Eozoon in the Laurentian formation of Canada is generally 
admitted. There are three great series of strata beneath the 
Silurian system in Canada, in the lowest of which the Eozoon 
is found. Sir W. Logan states that their “united thickness 
“may possibly far surpass that of all the succeeding rocks, 
‘Trom the base of the palseozoic series to the present time. We 
‘‘are thus carried back to a period so remote that the appear- 
‘*ance of the so-called Primordial fauna (of Barrande) may 
*‘by some be considered as a comparatively modern event.” 
The Eozoon belongs to the most lowly organised of all 
classes of animals, but is highly organised for its class; it 
existed in countless numbers, and, as Dr. Dawson has re- 
marked, certainly preyed on other minute organic beings, 
which must have lived in great numbers. Thus the words, 
which I wrote in 1859, about the existence of living beings 
long before the Cambrian period, and which are almost the 


SUDDEN APPEARANCE OF GROUPS 


361 


same wlth those since used by Sir W. Logan, havc proved 
true. Neverthelcss. the difficulty of assigning any good 
reason for the absencc of vast piles of strata rich in fossils 
beneath the Cambrian system is vcry grcat. It does not sccm 
probable that the most ancicnt beds have becn quite worn 
away by dcnudation, or that thcir fossils have becn wholly 
obliterated by metamorphic action, for if this had been the 
case we should have found only small reinnants of the forma- 
tions ncxt succecding them in age, and these would always 
have existed in a partially mctamorphosed condition. But 
the descriptions which we posscss of the Silurian dcposits 
over immense territories in Russia and in North America, do 
not support the view, that the oldcr a formation is, the more 
invariably it has suffered cxtrcmc denudation and mcta- 
morphism. 

The case at present must remain inexplicable; and may 
be truly urged as a valid argument against the views here 
entertained. To show that it may hcreafter receivc some 
explanation, I will give the following hypothesis. From the 
nature of the organic remains which do not appear to havc 
inhabited profound depths, in the several formations of 
Europe and of the United Statcs; and from the amount of 
sediment, miles in thickness, of whìch thc formations are 
composed, we may infer that from first to last large islands 
or tracts of land, whcnce the sedimcnt was derived, occurred 
in the neìghbourhood of the now existing contincnts of 
Europe and North America. The same view has since been 
maintained by Agassiz and others. But we do not know 
what was the state of things in the intervals betwcen the 
sevcral successive formations; whether Europe and the 
United States during these intervals existed as dry land, or 
as a submarine surfacc near land, on which sedinient was 
not deposited, or as the bed on an open and unfathomablc sea. 

Looking to the existing occans, which are thrice as cxten- 
sive as the land, we sec them studded with many islands; 
but hardly onc truly occanìc island (with the cxception of 
New Zealand, if this can bc called a truly occanic island) is 
as yet known to afford even a remnant of any palcTCOzoic and 
secondary formation. Hencc we may perhaps infer that 
during the palaeozoic and secondary pcriods, neithcr conti- 
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nents nor continental islands existed where our oceans now 
extend; for had they existed, palaeozoic and secondary forma- 
tions would in all probability have been accumulated from 
sediment derived from their wear and tear; and these would 
have been at least partially upheaved by the oscillations of 
level, which must have intervened during these enormously 
long periods. If then we may infer anything from these 
facts, we may infer that, where our oceans now extend, 
oceans have extended from the remotest period of which we 
have any record; and on the other hand, that where conti- 
nents now exist, large tracts of land have exìsted, subjected 
no doubt to great oscìllations of level, since the Cambrian 
period. The colored map appended to my volume on Coral 
Reefs, led me to conclude that the great oceans are still 
mainly areas of subsidence, the great archipelagoes still areas 
of oscillations of level, and the continents areas of elevation. 
But we have no reason to assume that things have thus 
remained from the beginning of the world. Our continents 
seem to have been formed by a preponderance, during many 
oscillations of level, of the force of elevation; but may not 
the areas of preponderant movement have changed in the 
lapse of ages? At a period long antecedent to the Cambrian 
epoch, continents may have existed where oceans are now 
spread out; and clear and open oceans may have existed 
where our continents now stand. Nor should we be justified 
in assuming that if, for instance, the bed of the Pacific Ocean 
were now converted into a continent we should there find 
sedimentary formations in a recognisable condition older 
than the Cambrian strata, supposing such to have been for- 
merly deposited; for it might well happen that strata which 
had subsided some miles nearer to the centre of the earth, 
and which had been pressed on by an enormous weight of 
super-incumbent water, might have undergone far more 
metamorphic action than strata which have always remained 
nearer to the surface. The immense areas in some parts of the 
world, for instance in South America, of naked metamorphic 
rocks, which must have been heated under great pressure, 
have always seemed to me to require some special explana- 
tion; and we may perhaps believe that we see in these large 
areas, the many formations long anterior to the Cambrian 


SUDDEN APPEARANCE OF GROUPS 363 

epoch in a conipletely mctamorphosed and denuded con- 
dition. 

The several diffictiltics hcrc discussed, namely—that, 
though we find in our geological formations many links be- 
tween the species which now exist and which formerly 
existed, we do not find infinitely numerous fine transitional 
forms closely joining them all together;—the sudden man- 
ner in which several groups of species first appear in our 
European formations;—thc almost entire absence, as at 
present known, of formations rich in fossils beneath the 
Cambrian strata, —are all undoubtedly of the most scrious 
nature. We see this in thc fact that the most emincnt 
palssontologists, namely, Cuvier, Agassiz, Barrande, Pictet, 
Falconer, E. Forbes, &c., and all our greatest geologists, as 
Lyell, Murchison, Sedgwick, &c., havc iinanimously, often 
vehemently, maintained the immutability of species. But 
Sir Charles Lyell now gives the support of his high author- 
ity to the other side; and most geologists and paLxontologists 
arc much shaken in their former belief. Thosc who believe 
that the geological record is in any degree perfect, will un- 
doubtedly at once reject the theory. For my part, follow- 
ing out LyelEs metaphor, I look at the geological record 
as a history of thc world impcrfcctly kept, and written in 
a changing dialect; of this history wc possess the last vol- 
ume alone, rclating only to two or three countries. Of this 
volume, only here and there a short chapter has been prc- 
served ; and of each page, only here and thcre a fcw lines. 
Each word of the slowly-changing language, morc or less 
ditterent in the successive chapters, may represent the forms 
of life, which are entombed in our consecutive formations, 
and which falsely appcar to have bcen abruptly introduced. 
On this vicw, the difficulties above discussed arc greatly 
diminished, or even disappear. 


CHAPTER XI. 

On the Geological Succession of Organic Beings 


On the slow and successive appearance o£ new species—On their 
different rates of change—Species once lost do not reappear— 
Groups of species follow the same general rules in their appear- 
ance and disappearance as do single species—On extinction— 
On simultaneous changes in the forms of life throughout the 
world—On the affinities of extinct species to each other and to 
living species—On the state o£ development of ancient forms— 
On the succession of the same types within the same areas— 
Summary of preceding and present chapter. 

,T us now see whether the several facts and laws relat- 



ing to the geological succession of organic beings 


^ accord best with the common view of the immutability 
of species, or with that of theìr slow and gradual modifica- 
tion, through variation and natural selection. 

New species have appeared very slowly, one after another, 
both on the land and in the waters. Lyell has shown that 
it is hardly possible to resist the evidence on this head in the 
case of the several tertiary stages; and every year tends 
to fill up the blanks between the stages, and to make the pro- 
portion between the lost and existing forms more gradual. 
In some of the most recent beds, though undoubtedly of high 
antiquity if measured by years, only one or two species are 
extinct, and only one or two are new, having appeared there 
for the first time, either locally, or, as far as we know, on 
the face of the earth. The secondary formations are more 
broken; but, as Bronn has remarked, neither the appear- 
‘ ance nor disappearance of the many species embedded in 
each formation has been simultaneous. 

Species belonging to diflerent genera and classes have not 
changed 'at the same rate, or in the same degree. In the 
older tertiary beds a few living shells may still be found in 
the midst of a multitude of extinct forms. Falconer has 
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given a striking instancc of a siniilar fact, for an existing 
crocodile is associatcd with many lost mammals and rcptilcs 
in the sub-Himalayan deposits. Thc Sihirian Lingula diffcrs 
but Httle from the living species of this genus; whcreas most 
of the other Silurian Molluscs and all thc Crustaceans havc 
changed greatly. The productions of the land seeni to have 
changed at a quicker ratc than those of the sca, of which 
a striking instance has bcen observed in Switzerland. There 
ìs some reason to bclieve that organisms high Ìn the scale, 
change more quickly than those that are low: though there 
are exceptions to this riilc, The amount of organic changc, 
as Pictet has remarked, is not the same in each successivc 
so-called formation. Yet if we compare any but the most 
closely related formations, all the specics will be found to 
have undergone some change. When a species has once dis- 
appeared from the face of the earth, wc havc no rcason to 
believe that the same identical form ever reappears. The 
strongest apparent exception to this latter rulc is that of 
the so-called ^‘colonies” of ]\I. Barrande, which intrude for a 
period Ìn the midst of an older formation, and then allow 
the pre-existing fauna to reappear; but Lyeirs explanation, 
namely, that it is a case of temporary migration from a 
distinct geographical province, seems satisfactory. 

These several facts accord well with our theory, which 
includes no fìxcd law of dcvelopment, causing all the in- 
habìtants of an area to change abruptly, or simultaneously, 
or to an equal degrce. The process of modification must be 
slow, and will generally affect only a few species at the 
samc timc; for thc variability of each spccies is independent 
of that of all others. Whether such variations or individual 
differences as may arise will be accumulated through natural 
selection in a greatcr or lcss degree, thus causing a greater 
or less amount of permanent modification, will dcpend on 
many complcx contingencies—on thc variations bcing of a 
beneficial naturc, on the freedom of intercrossing, on the 
slowly changing physical conditions of the country, on the 
immigration of ncw colonists, and on thc nature of the other 
inhabitants with which thc varying spccics comc into com- 
petition. Hcnce it is by no mcans surprising that onc specics 
should retain thc samc identical form much longer than 
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others; or, if changìng, should change in a less degree. We 
find simìlar relations between the existing inhabitants of dis- 
tinct countries; for instance, the land-shells and coleopterous 
insects of Madeira have come to differ considerably from 
their nearest allìes on the continent of Europe, whereas the 
marine shells and birds have remained unaltered. We can 
perhaps understand the apparently quicker rate of change in 
terrestrial and in more highly organised productions com- 
pared with marine and lower productions, by the more com- 
plex relations of the higher beings to their organic and in- 
organic conditions of life, as explained in a former chapter. 
When many of the inhabitants of any area have become 
modified and improved, we can understand, on the principle 
of competition, and from the all-important relatìons of or- 
ganism to organism in the struggle for life, that any form 
which did not become in some degree modified and improved, 
would be liable to extermination. Hence we see why all 
the specìes in the same region do at last, if we look to long 
enough ìntervals of time, become modified, for otherwise 
they would become extinct. 

In members of the same class the average amount of 
change during long and equal periods of time, may, perhaps, 
be nearly the same; but as the accumulation of enduring 
formation, rich in fossìls, depends on great masses of sedi- 
ment being deposited on subsiding areas, our formations have 
been almost necessarily accumulated at wide and irregularly 
intermittent intervals of time; consequently the amount of 
organic change exhibited by the fossils embedded in consecu- 
tive formations is not equal, Each formation, on this view, 
does not mark a new and complete act of creation, but only 
an occasional scene, taken almost at hazard in an ever 
slowly changing drama. 

We can clearly understand why a species when once lost 
should never reappear, even if the very same conditions of 
life, organic and inorganic, should recur. For though the 
offspring of one species might be adapted (and no doubt 
this has occurred in innumerable instances) to fill the place 
of another species in the economy of nature, and thus sup- 
plant it; yet the two forms—the old and the new—would 
not be identically the same; for both would almost certainly 
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inherit dififerent characters from their distìnct progenitors; 
and organisms already differing would vary in a different 
manner. For instance, it is possible, if all our fantail 
pigeons were destroyed, that fanciers might make a new 
breed hardly distinguishable from the present breed; but 
if the parent rock-pigeon were likewise destroyed, and under 
nature we have every reason to believe that parent-forms 
are generally supplanted and exterminated by their improved 
offspring, it is incredible that a fantail, identical with the 
existing breed, could be raised from any other species of 
pigeon, or even from any other well-established race of the 
domestic pigeon, for the succcssive variations would almost 
certainly be in some degrce diffcrent, and the newly-formcd 
variety would probably inhcrit from its progenitor some char- 
acteristic differences. 

Groups of species, that is, genera and families, follow the 
same general rules in their appearance and disappearance as 
do single species, changing more or less quickly, and in a 
greater or lesser degree. A group, when it has oncc dis- 
appeared, never reappcars; that is, its existence, as long as it 
lasts, is continuous. I am awarc that therc are some ap- 
parent exceptions to this rulc, but the exceptions are surpris- 
ingly few, so fcw that E. Forbes, Pictet, and Woodward 
(though all strongly opposed to such vicws as I maintain) 
admit its truth; and the rule strictly accords with the theory. 
For all the species of thc same group, however long it may 
have lasted, are the modified dcscendants one from the other, 
and all from a common progenitor. In thc genus Lingula, 
for instance, the species whichhave sticcessively appeared at all 
ages must have been connected by an unbroken series of gen- 
crations, from the lowest Silurian stratum to the present day. 

We have seen in the last chaplcr that whole groups of 
species sometimes falscly appear to havc been abniptly dcvcl- 
oped; and I havc attcmptcd to give an explanation of this 
fact, which if true would be fatal to my views. But such 
cases are certainly cxceptional; the gencral rule bcing a 
gradual increase in number, until the group reaches its maxi- 
mum, and then, sooner or latcr, a gradual dccrease. If the 
number of thc spccies includcd within a genus, or thc nnmbcr 
of the genera within a family, bc represented by a vcrtical 
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line of varying thickness, ascending through the successive 
geological formations, in which the species are found, the 
line will sometimes falsely appear to begin at its lower end, 
not in a sharp point, but abruptly; it then gradually thickens 
upwards, often keeping of equal thickness for a space, and 
ultimately thins out in the upper beds, marking the decrease 
and final extinction of the species, This gradual increase in 
number of the species of a group is strictly conformable 
with the theory, for the species of the same genus, 
and the genera of the same family, can increase only slowly 
and progressively; the process of modification and the pro- 
duction of a number of allied forms necessarily being a slow 
and gradual process,—one species first giving rise to two 
or three varieties, these being slowly converted into species, 
which in their turn produce by equally slow steps other 
varieties and species, and so on, like the branching of a great 
tree from a single stem, till the group becomes large. 

ON EXTINCTION 

We have as yet only spoken incidentally of the disappear- 
ance of species and of groups of species. On the theory of 
natural selection, the extinction of old forms and the pro- 
duction of new and improved forms are intimately con- 
nected together. The old notion of all the inhabitants of the 
earth having been swept away by catastrophes at successive 
periods is very generally given up, even by those geologists, 
as Elie de Beaumont, Murchison, Barrande, &c., whose gen- 
eral views would naturaily lead them to this conclusion. 
On the contrary, we have every reason to believe, from the 
study of the tertiary formations, that species and groups of 
species gradually disappear, one after another, first from one 
spot, then froni another, and finally from the world. In 
some few cases, however, as by the breaking of an isthmus 
and the consequent irruption of a multitude of new inhabi- 
tants into an adjoining sea, or by the final subsidence of an 
island, the process of extinction may have been rapid. Both 
single species and whole groups of species last for very un- 
equal periods; some groups, as we have seen, have endured 
from the eariiest known dawn of life to the present day; 
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sonie have disappearcd bcforc tlie close of the palseozoic 
period. No fixcd law secms lo detcrniine the length of timc 
during which any single spccics or any singlc genus en- 
dures. There is reasoii to bclicve that thc extinction of a 
whole group of specics is gcnerally a slower proccss than 
their prodiiction: if their appearance and dìsappearance bc 
represented, as bcfore, by a vertical line of varying ihickncss 
the line is found to tapcr more gradually at its upper end, 
vvhich marks the progress of extermination, than at its 
lower end, which marks the first appcarance and the eariy 
increase in numbcr of the species. In sonie cases, however, 
the extermination of wholc groups, as of ammonites, towards 
the close of the secondary period, has been wonderfully 
sudden. 

The extinction of species has bcen involvcd in the most 
gratuitous mystcry. Some authors havc even supposed that, 
as the individual has a definite length of life, so have species 
a definite duration. No one can havc marvelled more than I 
have done at the extinctioii of specics. When I found in La 
Plata the tooth of a horse embedded with the remains of 
Mastodon, Megatherium, Toxodon, and other extinct mon- 
sters, which all co-existcd with still living shells at a very 
late geological period, I was filled with astonishment; for, 
seeing that the horsc, since its introduction by the Span- 
iards into South America, has run wild over the whole coun- 
try and has increascd in numbers at an tinparalleled ratc, I 
asked myself what could so recently have exterminated thc 
former horse under conditions of lifc apparcntly so favour- 
able. But my astonishmcnt was groundless. Professor 
Owen soon perceived that the tooth, though so likc that of 
thc existing horse, bclongcd to an extinct species. Had this 
horse been still living, but in some degrce rare, no naturalist 
would have felt the least surprise at its rarity; for rarity 
is the attributc of a vast number of species of all classcs, in 
all countries. If we ask ourselves why this or that spccies 
is rare, wc answer that something is unfav'ourable in ìts 
conditions of life; but what that somcthing is we can hardly 
cver tell. On the supposition of the fossil horsc still existing 
as a rare species, we might havc fclt ccrtain, from thc 
analogy of all other mammals, evcn of the slow-breeding 
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elephant, and from the history of the naturalisation of 
the domestic horse in South America, that under more 
favourable conditions it would in a very few years have 
stocked the whole continent. But we could not have told 
whatthe unfavourable condìtions were which checked its in- 
crease, whether some one or several contingencies, and at 
what period of the horse’s life, and in what degree they 
severally acted. If the conditions had gone on, however 
slowly, becoming less and less favourable, we assuredly 
should not have perceived the fact, yet the fossil horse would 
certainly have become rarer and rarer, and finally extinct; 
—its place being seized on by some more successful com- 
petitor. 

It is most difficult always to remember that the increase 
of eyery creature is constantly being checked by unperceived 
hostile agencies; and that these same unperceived agencies 
are amply sufficient to cause rarity, and finally extinction. 
So little is this subject understood, that I have heard sur- 
prise repeatedly expressed at such great monsters as the 
Mastodon and the more ancient Dinosaurians having be- 
come extinct; as if mere bodily strength gave victory in the 
battle of life. Mere size, on the contrary, would in some 
cases determine, as has been remarked by Owen, quicker 
extermination from the greater amount of requisite food. 
Before man inhabited India or Africa, some cause must 
have checked the continued increase of the existing ele- 
phant. A highly capable judge, Dr. Falconer, believes that 
it is chiefly insects which, from incessantly harassing and 
weakening the elephant in India, check its increase; and 
this was Bruce^s conclusion with respect to the African ele- 
phant in Abyssinia. It is certain that insects and blood' 
sucking bats determine the existence of the larger natural- 
ized quadrupeds in several parts of S. America. 

We see ìn many cases in the more recent tertiary forma- 
tions, that rarity precedes extinction; and we know that this 
has been the progress of events with those animals which 
have been exterminated, either locally or wholly, through 
man’s agency. I may repeat what I published in 1845, 
namely, that to admit that species generally become rare 
before they become extinct—to feel 110 surprise at the rarity 
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of a species, and yet to marvel greatly when the specìes 
ceases to exist, is niuch thc same as to admit that sickness 
in the individual is the forerunner of death—to feel no sur- 
prise at sickness, but, when the sick man dies, to wonder and 
to suspcct that he dicd by some deed of violence. 

The theory of natural seleclion is grounded on the belief 
that each new variety and ultimately each new species, is 
produced and maintaincd by having some advaiitage over 
those with which it comes into competition; and thc conse- 
quent extinction of the less favoured forms almost inevitably 
follows. It is the same with our domestic productions; when 
a new and slightly improved variety has been raised, it at 
first supplants the less improved varieties in the same neigh- 
bourhood; whcn mucli improved it is transported far and 
near, like our short-horn cattle, and takes the place of other 
breeds in other countrics. Thus the appearance of new 
forms and the disappearance of old forms, both those natu- 
rally and those artificially produced, are bound together. In 
flourishing groups, the number of new specific forms which 
have been produced within a given time has at some periods 
probably been greater than the nimiber of the old specific 
forms which have been exterminated; but we know that spe- 
cies have not gone on indcfinitely increasing, at least during 
the later geological epochs, so that, looking to later times, 
we may believe that the production of new forms has caused 
the extinction of about the sainc number of old forms. 

The competition will generally bc most severc, as formerly 
explained and illustrated by examplcs, between the forms 
which are most like each other in all respects. Ilence the 
improved and modified descendants of a species will gcner- 
ally cause the extermination o£ the parent species; and if 
many new forms have been developed from any one species, 
the nearest allies of that species, i.e., the species of the samc 
genus, will bc the most liable to extermination. Thus, as I 
believe, a number of new spccies descended froin one species, 
that is a new gcnus, comcs to supplant an old genus, bclong- 
ing to the same family. But it must often havc happened 
that a new specics bclonging to somc one group has seized 
on the place occiipied by a spccics belonging to a distinct 
group, and thus havc caused its extcrminatioii. If many 
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allied forms be developed from the successful intruder, many 
will have to yield their places; and it will generally be the 
allied forms, which will sufìfer from some inherited inferior- 
ity in common. But whether it be species belonging to the 
same or to a distinct class, which have yielded their places 
to other modified and improved species, a few of the suRerers 
may often be preserved for a long time, from being fitted to 
some peculiar line of life, or from inhabiting some distant 
and isolated station, where they will have escaped severe 
competition. For instance, some species of Trigonia, a great 
genus of shells in the secondary formations, survive in the 
Australian seas; and a few members of the great and almosf 
extinct group of Ganoid fishes still inhabit our fresh waters. 
Therefore the utter extinction of a group is generally, as 
we have seen, a slower process than its production. 

With respect to the apparently sudden extermination of 
whole families or orders, as of Trilobites at the close of the 
palaeozoic period and of Ammonites at the close of the sec- 
ondary period, we must remember w^hat has been already 
said on the probable wide intervals of time between our con- 
secutive formations; and in these intervals there may have 
been much slow extermination. Moreover, when, by sud- 
den immigration or by unusually rapid development, many 
species of a new group have taken possession of an area, 
many of the older species will have been exterminated in a 
correspondingly rapid manner; and the forms which thus 
yield their places will commonly be allied, for thcy will par- 
take of the same inferiority in common. 

Thus, as it seems to me, the manner in which single species 
and whole groups of species become extinct accord well with 
the theory of natural selection. We need not marvel at ex- 
tinction; if we must marvel, let it be at our own presumption 
in imagining for a moment that we understand the many 
complex contingencies on which the existence of each spe- 
cies depends. If \ve forget for an instant that each species 
tends to increase inordinately, and that some check is always 
in action, yet seldom perceived by us, the whole economy of 
nature wiIÌ be utterly obscured. Whenever we can precisely 
say why this species is more abundant in individuals than 
that; why this species and not another can be naturalised iii 
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a given coimtry; thcn, and not until then, we may justly feel 
surprise why we cannot account for the extinction of any 
particular species or group of species. 

ON TIIE FORMS OF LIFE CIIANGING ALMOST SIMULTANE- 
OUSLY TIIROUGIIOUT TIIE WORLD 

Scarcely any palcTontological discovery is more striking 
than the fact that thc forms of life change almost simulta- 
neously throughout thc world. Thus our Etiropean Chalk 
formation can be recogniscd in many distinct rcgions, under 
the most different climates, whcrc not a fragment of thc 
niineral chalk itself can be found; namcly in North America, 
in equatorial South America, in Tierra del Fuego, at thc 
Cape of Good Hope, and in thc pcninsula of India. For at 
these distant points, thc organic rcmains in ccrtain bcds prc- 
sent an unmistakeablc rescmblance to those of the Chalk. It 
is not that the same species arc mct witb; for in some cases 
not one specics is identically thc same, but they belong to the 
same families, genera, and sections of genera, and sometimes 
are similarly characterised in such trifliiig points as mcre 
superficial sculpture. Moreover, other forms, which are not 
found in the Chalk of Europc, but which occur in the forma- 
tions either above or below, occur in thc same order at thcse 
distant points of the world. Iii the sevcral successive palaeo- 
zoic formations of Russia, Western Europe, and North 
America, a similar parallelism in thc forms of lifc has bcen 
obscrved by several authors; so it is, according to Lyell, with 
the European and North Aiiicrican tcrtiary deposits. Evcn 
if the fcw fossil specics which are common to the Old and 
Ncw Worlds were kcpt wholly out of view, the gcneral par- 
allelism in the succcssive forms of life, in the pak'cozoic and 
tertiary stages, would still be manifest, and the several for- 
mations could bc easily corrclated. 

These observations, howcvcr, relate to the marine inhabi- 
tants of the world: we have not sufficient data to judge 
whethcr thc productions of the land and of fresh watcr at 
distant points changc in thc same parallcl manner. We may 
doubt whcthcr they havc thus changed: if the Megatherium, 
Mylodon, Macrauchenia, and Toxodon had been brought to 
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Europe from La Plata, without any information in regard 
to their geological position, no one would have suspected 
that they had co-existed with sea-shells all still living; but 
as these anomalous monsters co-existed with the Mastodon 
and Horse, it might at least have been inferred that they 
had lived during one of the later tertiary stages» 

When the marine forms of life are spoken of as having 
changed simultaneously throughout the world, it must not be 
supposed that this expression relates to the same year, or to 
the same country, or even that it has a very strict geological 
sense; for if all the marine animals now living in Europe, 
and all those that lived in Europe during the pleistocene 
period (a very remote period as measured by years, includ- 
ing the whole glacial epoch) were compared with those now 
existing ìn South America or in Australia, the most skilful 
naturalist would hardly be able to say whether the present 
or the pleistocene inhabitants of Europe resembled most 
closely those of the southern hemisphere. So, again, several 
highly competent observers maintain that the existing pro- 
ductions of the United States are more closely related to 
those which lived in Europe during certain late tertiary 
stages, than to the present inhabitants of Europe; and if this 
be so, it is evident that fossiliferous beds now deposited on 
the shores of North America would hereafter be liable to be 
classed with somewhat older European beds. NeverthelesS, 
looking to a remotely future epoch, there can be little doubt 
that all the more modern marine formations, namely, the 
upper pliocene, the pleistocene and strictly modern beds of 
Europe, North and South America, and Australia, from con- 
taining fossil remains in some degree allied, and from not 
including those forms which are found only in the older 
underlying deposits, would be correctly ranked as simulta- 
neous in a geological sense. 

The fact of the forms of life changing simultaneously, in 
the above large sense, at distant parts of the world, has 
greatly struck those admirable observers, MM. de Verneuil 
and d’Archiac. After referring to the parallelism of the 
palaeozoic forms of life in various parts of Europe, they add, 
‘Tf, struck by this strange sequence, we turn our attention 
to North America, and there discover a series of analogous 
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phenomena, it will appear certain that all thesc modifications 
of species, their extiiiction, ancl the introduction of new ones, 
cannot be owing to nicre changes in marine currents or other 
caiises more or less local and temporary, but depend on gen- 
eral laws which govern the whole animal kingdom.” M. 
Barrande has made forcible rcmarks to precisely the same 
effect. It is, indeed, ciuite futile to look to changes of cur- 
rents, climate, or other physical conditions, as the cause o£ 
these great mutations in the forms of life throughout the 
world, under the most differcnt climates. \Ve must, as Bar- 
rande has remarked, look to some special law. \Ve shall see 
this more clearly when we treat of the present distribution 
of organic bcings, and find how slight is the relation between 
the physical conditions of various countries and the nature 
of their inhabitants. 

This great fact of the parallel succession of the forms of 
life throughout the world, is explicable on the theory o£ 
natural selection. New spccics arc formed by having sonie 
advantage over older forms; and the forms, which are al- 
ready dominant, or have some advantage over the other 
forms in their own country, givc birth to the greatest num- 
ber of new varieties or incipient specics. \Ve have distinct 
evidence on this head, in the plants which are dominant, that 
is, which are commonest and most widely diffused, producing 
the greatest number of new varieties. It is also natural that 
the dominant, varying, and far-sprcading spccies, which have 
already invaded to a certain extcnt the territories of other 
species, should be those which wonld have the best chance 
of sprcading still further, and of giving rise in new countries 
to other new varicties and species The process of diffusion 
would often be very slow, depending on climatal and geo- 
graphical changes, on strange accidents, and on the gradual 
acclimatisation of new spccies to the various climates 
through which they might have to pass, but in the course 
of time the dominant forms would generally succeed in 
sprcading and would ultimately prevail. The diffiision 
would, it is probahle, be slower with the terrestrial inhabi- 
tants of the distinct continents than with the marine inhabi- 
tants of the continuous sea. \Ve might therefore expect to 
find, as we do find, a less strict degree of parallelism in the 
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succession of the productions of the land than with those of 
the sea. 

Thus, as it seems to me, the parallel, and, taken in a large 
sense, simultaneous, succession of the same forms of life 
throughout the world, accords well with the principle of new 
species having been formed by dominant species spreading 
widely and varying; the new species thus produced being 
themselves dominant, owing to their having had some ad- 
vantage over their already dominant parents, as well as over 
other species, and again spreading, varying, and producing 
new forms. The old forms which are beaten and which 
yield their places to the new and victorious forms, will gen- 
erally be allied in groups, from inheriting some inferiority 
in common; and therefore, as new and improved groups 
spread throughout the world, old groups disappear from the 
world; and the succession of forms everywhere tends to 
correspond both in their first appearance and final disappear- 
ance. 

There is one other remark connected with thìs subject 
worth making. I have given my reasons for believing that 
most of our great formations, rich in fossils, were deposited 
during periods of subsidence; and that blank intervals of 
vast duration, as far as fossils are concerned, occurred dur- 
ing the periods when the bed of the sea was either stationary 
or rising, and likewise when sediment was not thrown down 
quickly enough to embed and preserve organic remains. 
During these long and blank intervals I suppose that the in- 
habitants of each region underwent a considerable amount 
of modification and extinction, and that there was much 
migration from other parts of the world. As we have rea- 
son to believe that large areas are affected by the same move- 
ment, it is probable that strictly contemporaneous formations 
have often been accumulated over very wide spaces in the 
same quarter of the world; but we are very far from having 
any right to conclude that this has invariably been the case, 
and that large areas have invariably been affected by the 
same movements. When two formations have been deposited 
in two regions during nearly, but not exactly, the same 
period, we should find in both, from the causes explained in 
the foregoing paragraphs, the same general succession in 
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the forms of life; but the spccics would not cxactly corrc- 
sponcl; for there will have bccn a little more timc in thc one 
rcgion than in the othcr for modification, cxtinction, and 
immigration. 

I suspect that cases of this naturc occur in Europc. Alr. 
Prestwich, in his admirable Mcmoirs on thc coccne dcposits 
of England and France, is ablc to draw a closc gencral par- 
allelism between the succcssivc stagcs in the two countries; 
but when hc comparcs certaih stages in England with thosc 
in France, although he finds in both a curioiis accordancc in 
the numbers of the spccies bclonging to the same genera, yet 
thc species themselves differ in a manner very difficult to 
account for considcring tlic proximity of thc two areas,— • 
unless, indced, it bc assumed that an isthmus separated two 
seas inhabited by distinct, but contemporaneous, faunas. 
Lyell has made similar obscrvations on some of the later ter- 
tiary formations. Barrande, also, shows that thcrc is a strik- 
ing general parallelism in thc successive Silurian dcposits of 
Bohemia and Scandinavia; nevertheless he finds a surprising 
amount of difìference in thc species. If the several forma- 
tions in these regions have not bcen deposited during thc 
same exact pcriods, —a formation in onc region often cor- 
responding with a blank intcrval in thc other, — and if iii 
both regions thc species havc gone on slowly changing dur- 
ing the accumulation of the scveral formations and during 
the long intervals of timc betweeii thcm; in this casc the sev- 
eral formations in the two regions could be arranged in the 
same ordcr, iii accordancc with thc general succcssion of the 
forms of life, and thc ordcr would falsely appear to be 
strictly parallel; neverthcless thc spccies would not be all 
the samc in the apparcntly corrcsponding stages in the two 
regions. 

ON THE AFFINITIES OF EXTINCT SPECIES TO EACH OTIIER 
AND TO LIVING FORMS 

Let us now look to the mutual affinìtics of extinct and 
living spccics. All fall into a few grand classes; and this 
fact is at once explaiiicd on the principle of descent. Thc 
morc ancient any form is, the more, as a general rule, it dif- 
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fers from living forms. But, as Buckland long ago re- 
marked, extinct species can all be classed either in still ex- 
isting groups, or between them. That the extinct forms of 
life help to fill up the ìntervals between existing genera, 
families, and orders, is certainly true; but as this statement 
has often been ignored or even denied, it may be well to 
make some remarks on Ihis subject, and to give some in- 
stances. If we confine our attention either to the living or 
to the extinct species of the same class, the series is far less 
perfect that if we combine both into one general system. In 
the writings of Professor Owen we continually meet with 
the expression of generalised forms, as applied to extinct 
animals; and in the writings of Agassiz, of prophetic or syn- 
thetic types; and these terms imply that such forms are in 
fact intermediatc or connecting links. Another distinguished 
palasontologist, M. Gaudry, has shown in the most striking 
manner that many of the fossil mammals discovered by him 
in Attica serve to break down the intervals between existing 
genera. Cuvier ranked the Ruminants and Pachyderms, as 
two of the most distinct orders of mammals: but so many 
fossil links have been disentombed that Owen has had to 
alter the whole classification, and has placed certain pachy- 
derms in the same sub-order with rumìnants; for example, he 
dissolves by gradations the apparently wide interval between 
the pig and the camel. The Ungulata or hoofed quadrupeds 
are now divided into the even-toed or odd-toed divisions; 
but the Macrauchenia of S. America connects to a certain 
extent these two grand divisions. No one will deny that 
the Hìpparion is intermediate between the existing horse 
and certain older ungulate forms. What a wonderful con- 
necting link in the chain of mammals is the Typotherium 
from S. America, as the name given to it by Professor Ger- 
vais expresses, and which cannot be placed in any existing 
order. The Sirenia form a very distinct group of mammals, 
and one of the most remarkable peculiarities in the existing 
dugong and lamentìn is the entire absence of hind limbs 
without even a rudimeiit being left; but the extinct Hali- 
therium had, according to Professor Flower, an ossìfied 
thigh-bone “articulated to a well-defined acetabulum in the 
pelvis,” and it thus makes some approach to ordinary hoofed 
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quadrupecis, to which the Sirenia are in other respects allied. 
l'he cetaceans or whales are widely diflerent from all other 
niammals, but the tertiary Zcuglodon and Squalodon, which 
have been placed by sornc naturalists in an order by them- 
selves, are considered by Professor Huxley to be undoubt- 
edly cetaceans, '‘and to constitute connecting links with the 
aquatic carnivora.” 

Even the wide interval between birds and reptiles has been 
shown by the naturalist just quoted to be partially bridged 
over in the most unexpected manner, on the one hand, by the 
ostrich and extinct Archeopteryx, and on the other hand, by 
the Compsognathus, one of the Dinosaurians—that group 
which includes the most gigantic of all terrestrial reptilcs. 
Turning to the Invertebrata, Barrande asserts, a higher au- 
thority could not be named, that hc is every day taught that, 
although palseozoic animals can certainly be classed under 
existing groups, yet that at this ancient period the groups 
were not so distinctly separated from each other as they 
now are. 

Some writers have objectcd to any extinct species, or 
group of species, being considered as intermediate between 
any two living species, or groups of species. If by this term 
Jt is meant that an extinct form is directly intermediate in 
all its characters between two living forms or groups, the 
objection is probably valid. But ìn a natural classification 
many fossil species certainly stand between living species, 
and some extinct genera between living genera, even be- 
tween genera belonging to distinct families. The most com- 
mon case, especially with respect to very distinct groups, 
such as fish and reptiles, seems to be, that, supposing them 
to be distinguished at the present day by a score of char- 
acters, the ancient members are separated by a somewhat 
lesser number of characters; so that the two groups formerly 
made a somewhat nearer approach to each other than they 
now do. 

It is a common belief that the more ancieiit a forni is, by 
so much the morc it tends to connect by some of its char- 
acters groups now widely separated from each other. This 
remark no doubt must be restricted to those groups which 
have undergone much change in the course of geological 
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ages; and it would be difficult to prove the truth of the propo- 
sition, for every now and then a living aniinal, as the Lepi- 
dosiren, is discovered having affinities directed towards very 
distinct groups. Yet if we compare the older Reptiles and 
Batrachians, the older Fish, the older Cephalopods, and the 
eocene Mammals, with the more recent members of the same 
classes, we must admit that there is truth in the remark. 

Let us see how far these several facts and inferences ac- 
cord with the theory of descent with modification. As the 
subject is somewhat complex, I must request the reader to 
turn to the diagram in the fourth chapter. We may suppose 
that the numbered letters in italics represent geiiera, and the 
dotted lines diverging from them the species in each genus. 
The diagram is much too simple, too few genera and too few 
species bcing given, but this is uniinportant for us. The 
horizontal lines may represent successive geological forma- 
tions, and all the forms beneath the uppermost line may be 
considered as extinct. The three existing genera a'", 
will form a small family; and a closely allied family 

or sub-family; and a third family. These three 

families, together with the many extinct genera on the sev- 
eral lines of descent diverging from the parent-form (A) 
will form an order, for all will have inherited something in 
common from their ancient progenitor. On the principle of 
the continued tendency to divergence of character, which 
was formerly illustrated by this diagram, the more recent 
any form is, the more it will generally differ from its ancient 
progenitor. Hence we can understand the rule that the most 
ancient fossils differ most from existing forms. We must 
not, however, assume that divergence of character is a neces- 
sary contingency; it depends solely on the descendants from 
a species bcing thus enabled to seize on many and different 
places in the economy of nature. Therefore it is quite pos- _ 
sible, as we have seen in the case of some Silurian forms, 
that a species might go on being slightly modified in relation 
to its slightly altered conditions of life, and yet retain 
throughout a vast period the same general characteristics. 
This is represented in the diagram by the letter 

All the many forms, extinct and recent, descended from 
(A), make, as before remarked, one order; and this order. 
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from the continued effccts of extinction and divcrgencc of 
character, has bccomc divided into sevcral siib-familics and 
families, some of which arc supposcd to have pcrislicd at 
diffcrent periods, and somc to havc cndured to thc present 
day. 

By looking at the diagram we can see that if many of thc 
extinct forms supposed to be imbedded in the successive 
formations, were discovercd at several points low down in 
the series, the three existing families on thc uppermost line 
would be rendered less distinct from each other. If, for in- 
stance, the genera a', a^ a^“, f, nf, m^, m*, were disinterred, 
these three families would bc so closely linked together that 
they probably would have to be united into one great fam- 
ily, in nearly the same manner as has occurred with rumi- 
nants and certaìn pachyderms. Yet he who objected to con- 
sider as intermediate the extinct genera, which thus link 
together the living gencra of three familics, would bc parlly 
justified, for they are intermediate, not directly, but only by 
a long and circuitous course through many widely differciit 
forms. If many extinct forms werc to bc discovercd abovc 
one of the horizontal lines or geological formations —for in- 
stance, above No. VI. — but none from beneath this linc, then 
only two of the families (those on the left hand, a'^ &c., and 
hf &c.) would have to be unitcd into one; and there would 
remain two familics, which would be less distinct from each 
other than they were beforc thc discovery of the fossils. 
So again if the threc families formed of eight genera (a“ to 
on the uppermost line, be supposed to diffcr from each 
other by half-a-dozen important characters, then the fami- 
lies which existed at the period marked VI. would certainly 
have differed from each other by a less number of cliar- 
acters; for they would at this carly stage of descent have 
divergcd in a lcss degree from thcir common progenitor. 
Thus it comes that ancicnt and extinct gencra are often in a 
greater or less degrce intermcdiate in character bctwcen 
their modified desccndants, or betwccn their collatcral 
relations. 

Under naturc the process will be far morc complicated 
than is represented in the diagram; for thc groups will have 
been more numerous; they will have endurcd for cxtrenicly 
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unequal lengths of time, and will have been modified in vari- 
ous degrees. As we possess only the last volume of the geo- 
logical record, and that in a very broken condition, we have 
no right to expect, except in rare cases, to fill up the wide 
intervals in the natural system, and thus to unite distinct 
families or orders. All that we have a right to expect is, 
that those groups which have, within known geological peri- 
ods, undergone much modification, should in the older for- 
mations make some slight approach to each other; so that 
the older members should dilìfer less from each other in some 
of their characters than do the existing members of the 
same groups; and this by the concurrent evidence of our best 
palseontologists is frequently the case. 

Thus, on the theory of descent with modification, the main 
facts with respect to the mutual affinities of the extinct 
forms of life to each other and to living forms, are explained 
in a satisfactory mannen And they are wholly inexplicable 
on any other view. 

On this same theory, it is evident that the fauna during 
any one great period in the earth’s history will be inter- 
mediate in general character between that which preceded 
and that which succeeded it. Thus the species which lived 
at the sixth great stage of descent in the diagram are the 
moòified offspring of those which lived at the fifth stage, 
and are the parents of those which became still more modi- 
fìed at the seventh stage ; hence they could hardly fail to be 
nearly intermediate in character between the forms of life 
above and below. We must, however, allow for the entire 
extinction of some preceding forms, and in any one region 
for the immigration of new forms from other regions, and 
for a iarge amount of modification during the long and blank 
interval between the successive formations. Subject to these 
allowances, the fauna of each geological period undoubtedly 
is intermediate in character, between the preceding and suc- 
ceeding faunas. I need give only one instance, namely, the 
manner in which the fossils of the Devonian system, when 
this system was first discovered, were at once recognised by 
palseontologists as intermediate in character between those 
of the overlying carboniferous, and underlying Silurian sys- 
tems. But each fauna is not necessarily exactly intermediate, 
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as unequal intervals of time have elapsed between consecu- 
tive formations. 

It is no real objection to the truth of the statemcnt that 
the fauna of each period as a whole is nearly intermediate 
ìn character betweeii the preceding and succeeding faunas, 
that certain genera offer exceptions to the rule. For in- 
stance, the species of mastodons and elephants, when ar- 
ranged by Dr. Falconer iii two series,—in the first place 
according to their inutual affinities, and in the second place 
according to their periods of cxistence,—do not accord in 
arrangement. The species extreme in character are not the 
oldest or the most recent; nor are those which are interme- 
diate in character, intermediate in age. But supposing for 
an instant, in this and other such cases, that the record of 
the first appearance and disappearance of the species was 
complete, which is far from the case, we have no reason to 
believe that forms successively produced necessarily endure 
for corresponding lengths of time. A very ancient form 
may occasionally have lasted much longer than a form else- 
where subsequently produced, especially in the case of terres- 
trial productions inhabiting separated districts. To compare 
small things with great; if the principal living and extinct 
races of the domestic pigeon were arranged in serial affinity, 
this arrangemenl would not closely accord with the order in 
time of their production, and cven less with the order of 
their disappearance; for the parent, rock-pigeon still lives; 
and many varicties between the rock-pigeon and the carrier 
have become extinct; and carriers which are extreme in the 
important charactcr of length of back originated earlìer than 
short-beaked tumblers, which are at the opposite end of the 
series in this respect. 

Closely connected with the statcmcnt, that the organic re- 
mains from an intcrmediate formation are in some degree 
intermediate in character, is the fact, insisted on by all 
palaeontologists, that fossils from two consecutive formations 
are far more closely relalod to each other. than are the fos- 
sils from two remote forinations. Pictet gives as a well- 
known instance, the general rcsemblance of the organic rc- 
mains from the several stages of the Chalk formation, 
though the species are distinct Ìn cach stage. This fact 
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alone, from.its generality, seems to have shaken Professor 
Pictet in his belief in the immutability of species. He who 
is acquainted with the distribution of existing species over 
the globe, will not attempt to account for the close resem- 
blance of distinct species in closely consecutive formations, 
by the physical conditions of the ancient areas having re- 
mained nearly the same. Let it be remembered that the 
forms of life, at least those inhabiting the sea, have changed 
almost simultaneously throughout the world, and therefore 
"^under the niost different climates and conditions. Consider 
the prodigious vicissitudes of climate during the pleistocene 
period, which includes the whole glacial epoch, and note how 
little the specific forms of the inhabitants of the sea have 
been affected. 

On the theory of descent, the full meaning of the fossil 
remains from closely consecutive formations being closely 
related, though ranked as distinct species, is obvious. As 
the accumulation of each formation has often been inter- 
rupted, and as long blank intervals have intervened between 
successive formations, we ought not to expect to find, as I 
attempted to show in the last chapter, in any one or in any 
two formations, all the intermediate varieties between the 
species which appeared at the commencement and close of 
these periods: but we ought to find after intervals, very long 
as measured by years, but only moderately long as measured 
geologically, closely allied forms, or, as they have been called 
by some authors, representative species; and these assuredly 
we do find. We find, in short, such evidence of the slow 
and scarcely sensible mutations of specific forms, as we have 
the right to expect. 

ON THE STATE OF DEVELOPMENT OF ANCIENT COMPARED 
WITH LIVING FORMS 

We have seen in the fourth chapter that the degree of 
differentiation and specialisation of the parts in organic 
beings, when arrived at maturity, is the best standard, as yet 
suggested, of their degree of perfection or highness. We 
have also seen that, as the specialisation of parts is an ad- 
vantage to each being, so natural selection will tend to rendcr 
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the organisation of cach being more specialised and perfect, 
and in this sense higher; not but that it may leave many 
creatures with siinple and unimproved structurcs fìtted for 
simple conditions of iife, and in some cases will even de- 
grade or simplify the organisation, yet leaving such degraded 
beings better fitted for thcir new walks of life. In anothcr 
and more general manner, ncw species become superior to 
their predecessors; for they have to beat in the struggle for 
life all the older forms, with which they come into closc 
competition. \Vc may therefore conclude that if under a 
nearly similar climate tlie eocene inhabitants of the world 
could be put into competition with the existing inhabitants, 
the former would be beaten and extcrminated by the latter, 
as would the secondary by the eocene, and the palaeozoic by 
the secondary forms. So that by this fundamental test of 
victory in the battle for life, as well as by the standard of 
the specialisation of organs, modern forms ought, on the 
theory of natural selection, to stand higher than ancient 
forms. Is this the case? A large majority of palaeon- 
tologists would answer in the affirmative; and it seems 
that this answer inust be admitted as true, though difficult 
of proof. 

It is no valid objection to this conclusion, that certain 
Brachiopods have been but slightly modified from an ex- 
tremely remote geological epoch; and that certain land and 
fresh-water shells have remained nearly the same, from the 
time when, as far as is known, they first appcared. It is not 
an insupcrable difficulty that Foraminifcra have not, as in- 
sisted on by Dr. Carpcnter, progressed in organisation since 
even the Laurentian epoch; for some organhms would have 
to remain fitted for simple conditions of life, and what could 
be better fitted for this end than these lowly organiscd Pro- 
tozoa? Such objections as the above would be fatal to my 
view, if it included advance in organisation as a neccssary 
contingent. They would likewise be fatal, if the above Fora- 
minifera, for instance, could bc proved to have first come 
into existence during the Laurcntian epoch, or the above 
Brachiopods during the Cambrian formation; for in this 
case, there would not have bcen time sufficicnt for the de- 
velopment of these organisms up to thc standard which they 
M—IIC XI 
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had then reached. When advanced up to any given point, 
there is no necessity, on the theory of natural selection, for 
jtheir further continued progress; though they will, during 
each successive age, have to be slightly modified, so as to 
hold their places in relation to slight changes in their condi- 
tions. The foregoing objectioiis hinge on the question 
whether we really know how old the world is, and at what 
period the various forms of life first appeared; and this may 
wcll be disputed. 

The problem whether organisation on the whole has ad- 
vanced is in many ways excessively intricate. The geological 
record, at all times imperfect, does not extend far enough 
back, to show with unmistakeable clearness that within the 
known history of the world organisation has largely ad- 
vanced. Even at the present day, looking to members of the 
same class, naturalists are not unanimous which forms ought 
to be ranked as highest: thus, some look at the selaceans or 
sharks, from their approach in some important points of 
structure to reptìles, as the highest fish; others look at the 
teleosteans as the hìghest. The ganoids stand intermediate 
between the selaceans and teleosteans; the latter at the 
present day are largely preponderant in number; but for- 
merly selaceans and ganoids alone existed; and in this case, 
according to the standard of highness chosen, so will it be 
said that fishes have advanced or retrograded in organisa- 
tion. To attempt to compare members of distinct types in 
the scale of highness seems hopeless; who will decide whether 
a cuttle-fish be higher than a bee—that insect which the 
great Von Baer believed to be ‘‘in fact more highly organised 
than a fish, although upon another type”? In the complex 
struggle for life it is quite credible that crustaceans, not very 
high in their own class, might beat cephalopods, the highest 
molluscs; and such crustaceans, though not highly developed, 
would stand very high in the scale of invertebrate animals, if 
judged by the most decisive of all trials—the law of battle. 
Beside these inherent difficulties in deciding which forms 
are the most advanced in organisation, we ought not solely 
to compare the highest members of a class at any two 
periods—though undoubtedly this is one and perhaps the 
most important element in striking a balance—but we ought 
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to compare all the mcmbers, high and low, at the two pcriods. 
At an ancient epoch the highest and lowest molluscoidal ani- 
mals, namely, cephalopods and brachiopods, swarmed in 
numbers; at the present time both groups are grcatly rc- 
duced, whilst others, intermediate in organisation, have 
largely increased; conscquently some naturalists maintain 
that molluscs were formcrly more highly developed than at 
present; but a stronger casc caii bc madc out on the oppo- 
site side, by considering the vast reduction of the brachio- 
pods, and the fact that our existing cephalopods, though few 
in number, are more highly organised than fhcir ancient rep- 
resentatives. We ought also to compare the relative propor- 
tional numbers at any two periods of the high and low classea 
throughout the world: if, for instance, at the present day 
fìfty thousand kinds of vertebrate animals exist, and if we 
knew that at some former pcriod only ten thousand kinds 
existed, we ought to look at this increase in number in the 
highest class, which implies a great displaccment of lower 
forms, as a decided advance in the organisation of thc world. 
We thus see how hopelessly difficult it is to compare with 
perfect fairness under such extrcmcly complex relations, the 
standard of organisation of the impcrfcctly-known faunas 
of successive periods. 

We shall appreciate this difficulty more clearly, by looking 
to certain existing faunas and floras. From the extraordi- 
nary manner in which Europcan productions have recently 
spread over New Zealand, and have seized on places which 
must have been previously occiipicd by the indigencs, we 
must believe, that if all thc animals and plants of Grcat 
Britain were set free in New Zcaland, a multitudc of British 
forms would in the coursc of time become thoroughly nat- 
uralised there, and would exterminate many of thc nativcs. 
On the other hand, from the fact that hardly a single inhabi- 
tant of the southern hemisphere has bccome wild in any part 
of Europe, we may well doubt whether, if all the productions 
of New Zealand were set frec in Great Britain, any consid- 
erable number would be enabled to seize on placcs now occu- 
pied by our native plants and animals. Uncler this point of 
view, the productions of Great Britain stand much higher in 
the scale than those of New Zealand. Yet thc most skilful 
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naturalist, from an examination of the species of the two 
countries, could not have foreseen this result. 

Agassiz and several other highly competent judges insist 
that ancient aninials resemble to a certain extent the em- 
bryos of recent animals belonging to the same classes; and 
that the geological succession of extinct forms is nearly par- 
allel with the embryological development of existing forms. 
This view accords admirably well with our theory. In a 
future chapter I shall attempt to show that the adult differs 
from its embryo, owing to variations having supervened at a 
not early age, and having been inherited at a corresponding 
age. This process, whilst it leaves the embryo almost unal- 
tered, continually adds, in the course of successive genera- 
tions, more and more difference to the adult. Thus the 
embryo comes to be left as a sort of picture, preserved by 
nature, of the former and less modified condition of the 
species. This view may be true, and yet may never be 
capable of proof. Seeing, for instance, that the oldest known 
mammals, reptiles, and fishes strictly belong to their proper 
classes, though some of these old forms are in a slight de- 
gree less distinct from each other than are the typical mem- 
bers of the same groups at the present day, it would be vain 
to look for animals having the common embryological char- 
acter of the Vertebrata, until beds rich in fossils are discov- 
ered far beneath the lowest Cambrian strata—a discovery of 
which the chance is smalL 

ON THE SUCCESSION OF THE SAME TYPES WITHIN THE 
SAME AREAS, DURING THE LATER TERTIARY PERIODS 

Mr. Clift many years ago showed that the fossil mammals 
from the Australian caves were closely allied to the living 
marsupials of that continent. In South America, a similar 
relationship is manifest, even to an uneducated eye, in the 
gigantic pieces of armour, like those of the armadillo, found 
in several parts of La Plata; and Professor Owen has shown 
in the most striking manner that most of the fossil mammals, 
buried there in such numbers, are related to South American 
types. This relationship is even more clearly seen in the 
wonderful collection of fossil bones made by MM. Lund and 
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Clausen in thc cavcs of Brazil. I was so much impresscd 
with these facts that I strongly insisted, in 1839 and 1845, 
on this “law of the succcssion of types/’ —on “thÌD wou- 
derful relationship in thc same continent betwccn the dead 
and the living.” Professor Owen has subscquently cxtended 
the same generalisation to the mammals of thc Old World. 
We see the same law in this author’s restorations of thc 
extinct and gigantic birds of Ncw Zealand. We sce it also 
in the birds of the caves of Brazil. Mr. Woodward has 
shown that the samc law holds good with sea-shells, but, 
from the wide distribution of most molluscs, it is not well 
displayed by them. Other cases could be added, as the rela^ 
tion between the extinct and living land-shells of Madcira; 
and between the extinct and living brackish water-shells of 
the Aralo-Caspian Sea. 

Now what does this remarkablc law of the succession of 
the same types within thc same arcas mcan? Hc would bc 
a bold man who, after comparing the present climatc of Aus- 
tralia and of parts of South America, under the samc lati- 
tude, would attempt to account, on thc one hand through 
dissimilar physical conditions, for the dissimilarity of the 
inhabitants of these two continents; and, on the othcr hand 
through similarity of conditions, for the uniformity of the 
same types in each continent during the later tertiary pcriods. 
Nor can it be pretended that it is an immutablc law that 
marsupials should have been chiefly or solely produced in 
Australia; or that Edentata and other American types should 
have been solely produced in South Amcrica. For we know 
that Europe in ancient times was pcoplcd by numerous mar- 
supials; and I havc shown in the publications above alluded 
to, that in America the law of distributioii of terrcstrial 
mammals was formerly different from what it now is. North 
America formcrly partook strongly of thc prcsent character 
of thc southern half of the continent; and the southcrn half « 
was formerly more closely allied, than it is at prcsent, to the 
northcrn half. In a similar manner wc know, from Falconcr 
and Cautlcy’s discoverics, that Northern Tndia was formcrly 
more closcly rclated in its mamnials to Africa than it is at 
thc prcsent timc. Analogous facts could be givcn in rela- 
tion to thc distribution of marinc aiiimals. 
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On the theory of descent with modification, the great law 
of the long enduring, but not immutable, succession of the 
same types within the same areas, is at once explained; for 
the inhabitants of each quarter of the world will obviously 
tend to leave in that quarter, during the next succeeding 
period of time, closely allied though in some degree modified 
descendants, If the inhabitants of one continent formerly 
differed greatly from those of another continent, so will 
their modified descendants still differ in nearly the same 
manner and degree. But after very long intervals of time, 
and after great geographical changes, permitting much inter- 
migration, the feebler will yield to the more dominant forms, 
and there will be nothing immutable in the distribution of 
organic beings. 

It may be asked in ridicule, whether I suppose that the 
megatherium and other allied huge monsters, which formerly 
lived in South America, have left behind them the sloth, 
armadillo, and anteater, as their degenerate descendants. 
This cannot for an instant be admitted. These huge animals 
have become wholly extinct, and have left no progeny. But 
in the caves of Brazil, there are many extinct species which 
are closely allied in size and in all other characters to the 
species still living in South America; and some of these 
fossils may have been the actual progenitors of the living 
species. 

It must not be forgotten that, on our theory, all the 
species of the same genus are the descendants of some one 
species; so that, if six genera, each having eight species, be 
found in one geological formation, and in a succeeding 
formation there be six other allied or representative genera 
each with the same number of species, then we may con- 
clude that generally only one species of each of the older 
genera has left modified descendants, which constitute the 
new genera containing the several species; the other seven 
species of each old genus having died out and left no progeny. 
Or, and this will be a far commoner case, two or three spe- 
cies ìn two or three alone of the six older genera will be 
the parents of the new genera: the other species and the other 
old genera having become utterly extinct. In failing orders, 
with the genera and species decreasing in numbers as is the 
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ease with the Edentata of South America, still fewcr gencra 
and species will leave modified blood-descendants. 

SUMMARY OF TIIE PRECEDING AND PRESENT CHAPTERS 

I have attempted to show that the geological record is ex- 
tremely imperfect; that only a small portion of the globe has 
been geologically explored with care; that only certain 
classes of organic beings have been largely preserved in a 
fossil state; that the number both of specimens and of spe- 
cies, preserved in our museums, is absolutely as nothing com- 
pared with the number of generations which must have 
passed away even during a single formation; that, owing to 
subsidence being almost necessary for the accumulation of 
deposits rich in fossil species of many kinds, and thick enough 
to outlast future degradation, great intervals of timc must 
have elapsed between most of our successive formations; 
that there has probably been more extinction during the 
periods of subsidence, and more variation during the periods 
of elevation, and during the latter the record will have been 
least perfectly kept; that each single formation has not been 
continuously deposited; that the duration of each formation 
is probably short compared with the average duration of 
specific forms; that migration has playcd an important part 
in the first appearance of new forms in any one area and 
formation; that widely ranging species are those which have 
varied most frequently, and have oftenest given rise to new 
species; that varieties havc at first bccn local; and lastly, 
although each species must have passed through numerous 
transitional stages, it is probable that the periods, during 
which each underwent modification, though many and long 
as measured by years, have been short in comparison with 
the periods during which each remaincd in an unchanged 
condition. Thcse causes, taken conjointly, will to a large ex- 
tent explain why—though we do find many links—we do not 
find interminable varieties, connecting together all extinct 
and existing forms by the finest graduatcd steps. Tt should 
also be constantly borne in mind that any linking variety 
between two forms, which might be found, would be ranked, 
unless the whole chain could be perfectly restored, as a new 
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and distinct species; for it is not pretended that we have 
any sure criterion by which species and varieties can be 
discriminated. 

He who rejects this view of the imperfection of the geo- 
logical record, will rightly reject the whole theory. For he 
may ask in vain where are the numberless transitional links 
which must formerly have connected the closely allied or 
representative species, found in the successive stages of the 
same great formation? He may disbelieve in the immense 
intervals of timc which must have elapsed between our con- 
secutive formations; he may overlook how important a part 
migration has played, when the formations of any one great 
region, as those of Europe, are considered; he may urge the 
apparent, but often falsely apparent, sudden coming in of 
whole groups of species. He may ask where are the remains 
of those infinitely numerous organisms which must have ex- 
isted long before the Cambrian system was deposited? We 
now know that at least one animal did then exist; but I can 
answer this last question only by supposing that where our 
oceans now extend they have extended for an enormous 
period, and where our oscillating continents now stand they 
have stood since the commencement of the Cambrian system; 
but that, long before that epoch, the world presented a widely 
different aspect; and that the older contineiits, formed of 
formations older than any known to us, exist now only as 
remnants in a metamorphosed condition, or lie still buried 
under the ocean. 

Passing from these difficulties, the other great leading 
facts in palseontology agree admirably with the theory of 
descent with modification through variation and natural 
selectìon. We can thus understand how it is that new spe- 
*:ies come in slowly and successively; how species of dif- 
ferent classes do not necessarily change together, or at the 
same rate, or in the same degree; yet in the long run that all 
undergo modification to some extent. The extinction of old 
forms is the almost inevitable consequence of the production 
of new forms. We can understand why, when a species has 
once disappeared, it never reappears. Groups of species in- 
crease in numbers slowly, and endure for unequal periods 
of time; for the process of modification is necessarily slow, 
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and depcnds on many complcx contìngcncies. Thc dominant 
species belonging to large and dominant groiips tcnd to leavc 
many modifìed dcscendants, which form new sub-groups and 
groups. As these are formed, thc spccics of thc less vig- 
orous groups, from thcir infcriority inherited from a com- 
mon progcnitor, tend to becomc extinct together, and to leavc 
no modified offspring on thc face of the carth. But the utter 
extinction of a whole group of specics has sometimes been a 
slow process, from the survival of a few descendants, lin- 
gering in protected and isolated situations. Whcn a group 
has once wholly disappeared, it does not reappear; for the 
link of generation has been broken. 

We can understand how it is that dominant forms which 
spread widcly and yield thc greatest numbcr of varieties tcnd 
to peoplc the world with allicd, biit modified, descendants; 
and thesc will generally succecd in displacing the groups 
which are thcir inferiors in thc striiggle for cxistence. 
Hence, after long intervals of timc, the productions of the 
world appear to have changed simultaneously. 

We can understand how it is that all the forms of life, 
ancient and recent, make togethcr a fcw grand classes. We 
can understand, from the continiied tendency to divcrgence 
of character, why the more ancient a form is, thc more it 
gencrally diflers from those now living; why ancient and 
extinct fornis often tend to fill up gaps between existing 
forms, sometimcs blending two groups, previously classcd 
as distinct, into one; but more commonly bringing thcm only 
a littlc closer togcther. The morc ancicnt a form is, the 
more often it stands in sonie dcgrce intcrmediate bctwcen 
groups now distinct; for the more ancicnt a forni is, the 
more nearly it will be related to, and conscqucntly resemblc, 
the common progenitor of groups, since becomc widely 
divergent. Extinct forms are seldom dircctly intermcdiatc 
betwccn cxisting forms; biit are intcrmcdiate only by a long 
and circuitous course throiigh othcr cxtinct and differcnt 
forms. We can clearly see wliy thc organic rcmains of 
closcly consccutivc formations arc closely allicd: for thcy 
are closely linkcd together by gcncration. Wc can clcarly 
sce why thc rcmains of an intcrnicdiate formation are inter- 
mediate in charactcr. 
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The inhabitants of the world at each successive period in 
its histor> have beaten their predecessors in the race for 
lìfe, and are, in so far, higher in the scale, and their struc- 
ture has generally become more specialised; and this may 
account foi the common belief iield by so many palseontolo- 
gists, that organisation on the whole has progressed. Extinct 
and ancient animals resemble to a certain extent the embryos 
of the more recent animals belonging to the same classes, 
and this wonderful fact receives a simple explanation accord- 
ing to our views. The succession of the same types of 
structure within the same areas during the later geologìcal 
periods ceases to be mysterious, and is intelligible on the 
principle of inheritance. 

If then the geological record be as imperfect as many be- 
lieve, and it may at least be asserted that the record cannot 
be proved to be much more perfect, the main objections to 
the theory of natural selection are greatly diminished or dis- 
appear. Òn the other hand, all the chief laws of palaeontology 
plainly proclaim, as it seems to me, that species have been 
produced by ordinary generation: old forms having been sup- 
planteci by aew and improved forms of life, the products of 
Variation and the Survival of the Fittest. 


CITAPTER XII 
Geograpiiical Distribution 

Present distribution cannot be accounted for by differences in pbysi- 
cal conditions—Importance of barriers—Affinity of the produc- 
tions of the sarae continent—Centres of creation—Means of 
dispersal, by changes of climate and of the level of the land, and 
by occasional means—Dispersal during the Glacial period^ 
Alternate Glacial periods iii the Norlh and South. 

I N considering the dìstribution of organic beings over the 
face of the globe, the first great fact whìch strikes us is, 
that neither the similarìty nor the dissimilarity of the 
inhabìtants of various regions can be wholly accounted for by 
climatal and other physical conditions. Of late, almost every 
author who has studied the subject has come to this conclu- 
sion. The case of America alone would almost suffice to 
prove its truth; for if we exclude the arctic and northern 
temperate parts, all authors agrec that one of the most fun- 
damental divisions in geographical dìstributìon is that be- 
tween the New and Old Worlds; yet if we travel over the 
vast American continent, from the central parts of the 
United States to its extreme southern point, we meet with 
the most diversified conditions; humid districts, arid deserts, 
lofty mountains, grassy plains, forests, marshes, lakes, and 
great rivers, under almost every temperature. There is 
hardly a climate or conditìon in the Old World which can- 
not be paralleled in the New—at least as closely as the same 
species generally require. No doubt small areas can be 
pointed out in the Old World hotter than any in the New 
World; but these are not inhabited by a fauna dififerent from 
that of the surrounding dìstrìcts; for it ìs rare to find a group 
of organisms confined to a small area, of which the con- 
ditions are peculiar in only a slight degree. Notwithstand- 
ing this general parallelism in the conditìons of the Old and 
New Worlds, how widely different are their living pro- 
ductions! 
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In the southern hemisphere, if \ve compare large tracts of 
land in Australia, South Africa, and western South America, 
between latitudes 25° and 35°, we shall find parts extremely 
similar in all their conditions, yet it would not be possible to 
point out three faunas and floras more utterly dissimilar. 
Or, again, we may compare the productions of South Amer- 
ica south of lat. 35° with those north of 25°, which conse- 
quently are separated by a space of ten degrees of latitude, 
and are exposed to considerably different conditions; yet they 
are incomparably more closely related to each other than 
they are to the productions of Australia or Africa under 
nearly the same climate. Analogous facts could be given 
with respect to the inhabitants of the sea. 

A second great fact which strikes us in our general review 
is, that barriers of any kind, or obstacles to free migration, 
are related in a close and important manner to the difìfer- 
ences between the productions of various regions. We see 
this in the great differences in nearly all the terrestrial pro- 
ductìons of the New and Old Worlds, excepting in the 
northern parts, where the land almost joins, and where, under 
a slightly different climate, there might have been free mi- 
gration for the northerii temperate forms, as there now is 
for the strictly arctic productions. We see the same fact in 
the great difference between the inhabitants of Australia, 
Africa, and South America under the same latitude; for 
these countries are almost as much isolated from each other 
as is possible. On each continent, also, we see the same 
fact; for on the opposite sides of lofty and continuous moun- 
tain-ranges, of great deserts and even of large rivers, we 
find different productions; though as mountain-chains, des- 
erts, &c., are not as impassable, or likely to have endured so 
long, as the oceans separating continents, the differences are 
very ìnferior in degree to those characteristic of distinct 
continents. 

Turning to the sea, we find the same law. The marine 
inhabitants of the eastern and western shores of South 
America are very distinct, with extremely few shells, crus- 
tacea, or echinodermata in common; but Dr. Giinther has 
recently shown that about thirty per cent. of the fishes are 
the same on the opposite sides of the isthmus of Panama; 
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and this fact has Icd naturalists to believe that tlic isthmus 
was formerly open. Westward of the shorcs of Amcrica, a 
w’de space of open ocean extends, with not an island as a 
halting-place for emigrants; here we have a barrier of an- 
other kind, and as soon as this is passed \ve meet in the east- 
ern islands of thc Pacihc with another and totally distinct 
fauna. So that three marine faunas range far northward 
and southward in parallel lines not far from each other, 
under corresponding climates; but from bcing separated from 
each other by impassablc barricrs, cithcr of land or open sea, 
they are almost wholly distinct. On thc other hand, proceed- 
ing still farther westward from the eastcrn islands of the 
tropical parts of the Pacifìc, \ve cncounter no impassable 
barriers, and \ve have innumerable islands as halting-places, 
or contìnuous coasts, until, after travclling over a hcmisphere, 
\ve come to the shores of Africa; and ovcr this vast space 
we meet with no well-defined and distinct marine faunas. 
Although so few marine animals are common to the above- 
named three approximate faunas of Eastcrn and Western 
America and the eastern Pacific islands, yct many fishes 
range from the Pacific into the Indian Ocean, and many 
shells are common to the eastern islands of the Pacific and 
the eastern shores of Africa on almost cxactly opposite 
meridians of longitude. 

A third great fact, partly included in the foregoing state- 
ment, is the affinity of the productions of the same continent 
or of the same sea, though the species themsclves are dis- 
tinct at different points and stations. It is a law of thc 
widest generality, and every continent offers innumerable 
instances. Nevertheless, the naturalist, in travelling, for 
instance, from north to south, never faìls to bc struck by 
the manner in which successive groups of beings, spccifically 
distinct, though nearly related, replace each other. Ple hcars 
from closely allicd, yet distinct kinds of birds, notcs nearly 
similar, and sees their nests similarly constructcd, but not 
quite alike, with eggs coloured in nearly the samc manncr. 
The plains near the Straits of jMagelIan arc inhabited by 
one species of Rhea (American ostrich), and norlhward the 
plains of La Plata by anothcr spccies of thc same gcnus; and 
not by a true ostrich or emu, likc thosc inhabiting Africa 
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and Australia under the same latitude. On these same plains 
of La Plata we see the agouti and bizcacha, animals having 
nearly the same habits as our hares and rabbits, and belong- 
ing to the same order of Rodents, but they plainly display 
an American type of structure. We ascend the lofty peaks 
of the Cordillera, and we find an alpine species of bizcacha; 
we look to the waters, and we do not find the beaver or 
musk-rat, but the coypu and capybara, rodents of the S. 
American type. Innumerable other instances could be given. 
If we look to the islands off the American shore, however 
much they may differ in geological structure, the inhabitants 
are essentially American, though they may be all peculiar 
species. We may look back to past ages, as shown in the 
last chapter, and we find American types then prevailing òn 
the American continent and in the American seas. We see 
in these facts some deep organic bond, throughout space and 
time, over the same areas of land and water, independenfly 
of physical conditions. The naturalist must be dull who is 
not led to inquire what this bond is. 

The bond is simply inheritance, that cause which alone, 
as far as we positìvely know, produces organisms quite like 
each other, or, as we see in the case of varieties, nearly 
alike. The dissimilarity of the inhabitants of different re- 
gions may be attributed to modification through variation 
and natural selection, and probably in a subordinate degree 
to the definite influence of different physical conditions. The 
degrees of dissimilarity will depend on the migration of the 
more dominant forms of life from one region into another 
having been more or less effectually prevented, at periods 
more or less remote;—on the nature and number of the for- 
mer immigrants;—and on the action of the inhabitants on 
each other in leading to the preservation of different modifi- 
cations; the relation of organism to organism in the struggle 
for life being, as I have already often remarked, the most 
important of all relations. Thus the high importance of 
barriers comes into play by checking migration; as does time 
for the slow process of modification through natural selec- 
tion. Widely-ranging species, abounding in individuals, 
which have already triumphed over many competitors in 
their own widely-extended homes, will have the best chance 
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of seizing on new places, whcn they spread into ncw coun- 
tries. In their new hoines they will be exposed to new con- 
ditions, and will frequently underi^o further modification and 
improvement; and thus they will become still further vic- 
torious, and will producc groups o£ modified descendants. 
Or. this principle of inheritance with modification we can 
understand how it is that sections of genera, whole genera, 
and even families, are confined to the same areas, as is so 
commonly and notoriously the case. 

There is no evidence, as was remarkcd in the last chapter, 
of the existence of any law of necessary development. As 
the variability of each species is an independent property, 
and will be taken advantage of by natural selection, only so 
far as it profits each individual in its complex struggle for 
life, so the amount of modification in different species will 
be no uniform quantity. If a number of species, after hav- 
ing long competed with each other in their old home, were 
to migrate in a body into a new and afterwards isolated 
country, they would be little liable to modification: for 
neither migration nor isolation in themselves effect anytbTing. 
These principles come into play only by bringing organisms 
into new relations with each other and in a lesser degree 
with the surrounding physical conditìons. As we have seen 
in the last chapter that some forms have retained nearly the 
same character from an enormously remote geological period, 
so certain species have migrated over vast spaces, and have 
not become greatly or at all modified. 

According to these views, it is obvious that the several 
species of the same genus, though inhabiting the most dis- 
tant quarters of the world, must originally havc proceeded 
from the same source, as they are descended from the same 
progenitor. In the case of those species which have iinder- 
gone during whole geological periods little niodification, 
there is not much difficulty in believing that they have nii- 
grated from the same region; for during the vast geographi- 
cal and cliinatal changes which have supervened since ancient 
times, almost any aniount of migration is possible. But in 
many other cases, in which we have reason to believc that 
the species of a genus have been prodiiced within conipara- 
tively recent timcs, there is great difficulty on this hcad. It 
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is also obvious that the individuals of the same species, 
though now inhabiting distant and isolated regions, must have 
proceeded from one spot, where their parents were first pro- 
duced: for, as has been explained, it is incredible that indi- 
viduals identically the same shourd have been produced frojn 
parents specifically distinct. 

Single Centrcs of supposcd Creation .—^We are thus 
brought to the question which has been largely discussed by 
naturalists, namely, whether species have been created at 
one or more points of the earth’s surface. Undoubtedly 
there are many cases of extreme difficulty in understanding 
how the same species could possibly have migrated from 
some one point to the several distant and isolated points, 
where now found. Nevertheless the simplicity of the view 
that each species was first produced within a single region 
captivates the mind. He who rejects it, rejects the vera 
caiisa of ordinary generation with subsequent migration, and 
calls in the agency of a miracle. It is universally admitted, 
that in most cases the area inhabited by a species is con- 
tinuous; and that when a plant or animal inhabits two points 
so distant from each other, or with an interval of such a 
nature, that the space could not have been easily passed over 
by migration, the fact is given as something remarkable and 
exceptional. The incapacìty of migrating across a wide sea 
is more clear in the case of terrestrial mammals than perhaps 
with any other organic beings; and, accordingly, we find no 
ìnexplicable instances of the same mammals inhabiting dis- 
tant points of the world. No geologist feels any difficulty in 
Great Britain possessìng the same quadrupeds with the rest 
of Europe, for they were no doubt once united. But if the 
same species can be produced at two separate points, why do 
we not find a single mammal common to Europe and Aus- 
tralia or South America? The conditions of life are nearly 
the same, so that a multitude of European animals and plants 
have become naturalised in America and Australia; and 
some of the aboriginal plants are identically the same at 
these distant points of the northern and southern hemi- 
spheres. The answer, as I believe, is, that mammals have 
not been able to migrate, whereas some plants, from their 
varied means of dispersal, have migrated across the wide and 
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broken interspaces. The great and striking influence of bar- 
riers of all kinds, is intelligiblc only on thc vicw that the 
great majority of spccies have bcen produced on onc side, 
and have not been able to migrate to the opposite side. 
Some fcw families, many sub-families, vcry many gencra, 
and a still greater number of sections of genera, arc con- 
fined to a single region; and it has bceii observcd by several 
naturalists that thc most natural gcncra, or those genera in 
which the species arc inost closely rclated to cach othcr, arc 
generally confined to the same country, or if they have a 
wide range that their range is continuoiis. What a strange 
anomaly it would be, if a directly opposite rnlc were to pre- 
vail, when we go down one stef) lower in the series, namely, 
to the individuals of the same species, and thesc had not 
been, at least at first, confincd to some one region ! 

Hence it seems to me, as it has to many other naturalists, 
that the view of each species having bcen produced in one 
area alone, and having subsequently migrated from that area 
as far as its powers of migration and subsistence under past 
and present conditions permitted, is the most probable. Un- 
doubtedly many cases occur, in which we cannot explain how 
the same species could have passed from one point to the 
other. But the geographical and climatal changes which 
have certainly occurred within recent geological times, must 
have rendered discontinuous the formerly continuous range 
of many species. So that we are reduccd to consider whether 
the exceptions to continuity of range are so numerous and 
of so grave a nature, that we ought to give up the belief, 
rendered probable by general considerations, that each species 
has been produced within one area, and has migrated thence 
as far as it could. It would be hopelessly tedious to discuss 
all the exceptìonal cases of the same spccies, now living at 
distant and separated points, nor do I for a momcnt pretend 
that any explanation could be offered of many instances. 
But, after some preliminary remarks, I will discuss a fcw of 
thc most striking classes of facts: namcly, thc existcnce of 
the same species on the summits of distant mouiitain ranges, 
and at distant points in the arctic and antarctlc regions; and 
sccondly (in thc following chaptcr), the wide distrihution of 
fresh-water productions; and thirdly, the occurrcncc of the 


402 


ORIGIN OF SPECIES 


same terrestrial species on islands and on the nearest main- 
land, though separated by hundreds of miies of open sea. 
If the existence of the same species at distant and isolated 
points of the earth’s surface, can in many instances be ex- 
plained on the view of each species having migrated from a 
single birthplace; then, considering our ignorance with re- 
spect to former climatal and geographical changes and to 
the various occasional means of transport, the belief that a 
single birthplace is the law, seems to me incomparably the 
safest, 

In discussing this subject, we shall be enabled at the same 
time to consider a point equally important for us, namely, 
whether the several species of a genus which must on our 
theory all be descended from a common progenitor, can have 
migrated, undergoing modification during their migration, 
from some one area. If, when most of the species inhabiting 
one region are different from those of another region, though 
closely allied to them, it can be shown that migration from 
the one region to the other has probably occurred at some 
former period, our general view will be much strengthened; 
for the explanation is obvious on the principle of descent 
with modification. A volcanic island, for instance, upheaved 
and formed at the distance of a few hundreds of miles from 
a continent, would probably receive from it in the course of 
time a few colonists, and their descendants, though modified, 
would still be related by inheritance to the inhabitants of 
that continent. Cases of this nature are common, and are, 
as we shall hereafter see, inexplicable on the theory of inde- 
pendent creation. This view of the relation of the species 
of one region to those of another, does not difìfer much from 
that advanced by Mr. Wallace, who concludes that ‘'every 
species has come into existence coincident both in space and 
time with a pre-existing closely allied species.” And it is 
now well known that he attributes this coincidence to descent 
with modification. 

The question of single or multiple centres of creation dif- 
fers from another though allied question,—namely, whether 
all the individuals of the same species are descended from a 
single pair, or single hermaphrodite, or wnether, as some 
authors suppose, from many individuals simultaneously cre- 
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ated. With organic beings which never intercross, if such 
exist, each species rnust be descended from a succession of 
modified varieties, that have supplanted each other, but have 
never blended with other individuals or varieties of the same 
species; so that, at each successive stage of modification, all 
the individuals of the same form will be descended from a 
single parent. But in the great majority of cases, namely, 
with all organisms which habitually unite for each birth, or 
which occasionally intercross, the individuals of the same 
species inhabiting the same area will be kept nearly uniform 
by intercrossing; so that many individuals will go on simul- 
taneously changing, and the whole amount of modification at 
each stage will not be due to descent from a single parent. 
To illustrate what I mcan: our English race-horses dififer 
from the horses of every other breed; but they do not owe 
their difiference and superiority to descent from any single 
pair, but to continued care in the selecting and training of 
many individuals during each generation. 

Before discussing the three classes of facts, which I have 
selected as presenting the greatest amount of difficulty on the 
theory of “single centres of creation,’" I must say a few 
words on the means of dispersal. 

MEANS OF DISPERSAL 

Sir C. Lyell and other authors have ably treated this sub- 
ject. I can give here only the briefest abstract of the more 
important facts. Change of climatc must have had a power- 
ful influence on migration. A rcgion now impassable to cer- 
tain organisms from the nature of its climate, might have 
been a high road for migration, when the climate was dif- 
ferent. I shall, however, presently have to discuss this 
branch of the subject in some detail. Changes of level in 
the land must also have been highly influential: a narrow 
isthmus now separates two marine faunas; submerge it, or 
let it formerly have bcen submerged, and the two faunas 
will now blend together, or may forinerly have blended. 
Where the sea now extends, kind may at a former period 
have connected islands or possibly eveii continents together, 
and thus have allowed terrestrial productions to pass from 
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one to the other. No geologist disputes that great muta“ 
tions of level have occurred within the period of existing 
organisms. Edward Forbes insisted that all the islands in 
the Atlantic must have been recently connected with Europe 
or Africa, and Europe likewise with America. Other authors 
have thus hypothetically bridged over every ocean, and 
united almost every island with some mainland. If indeed 
the arguments used by Forbes are to be trusted, it must be 
admitted that scarcely a single island exists which has not 
recently been united to some continent. This view cuts the 
Gordian knot of the dispersal of the same species to the most 
distant points, and removes many a difficulty; but to the best 
of my judgment we are not authorised in admitting such 
enormous geographical changes wìthin the period of existing 
species. It seems to me that we have abundant evidence of 
great oscillations in the level of the land or sea; but not of 
such vast changes in the position and extension of our con- 
tinents, as to have united them within the recent period to 
each other and to the several intervening oceanic islands. 
I freely admit the former existence of many islands, now 
buried beneath the sea, which may have served as halting- 
places for plants and for many animals during their migra- 
tion. In the coral-producing oceans such sunken islands are 
now marked by rings of coral or atolls standing over them. 
Whenever it is fully admitted, as it will some day be, that 
each species has proceeded from a single birthplace, and 
when in the course of time we know something definite about 
the means of distribution, we shall be enabled to speculate 
with security on the former extension of the land. But I do 
not believe that it will ever be proved that within the recent 
period most of our contìnents whìch now stand quite sep- 
arate, have been continuously, or almost continuously united 
with each other, and with the many existing oceanic islands. 
Several facts in distribution—such as the great difference in 
the marine faunas on the opposite sides of almost every con- 
tinent,—the close relatìon of the tertiary inhabitants of sev- 
eral lands and even seas to their present inhabitants,—the 
degree of affinity between the mammals inhabiting islands 
with those of the nearest continent, being in part determined 
(as we shall hereafter see) by the depth of the intervening 
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occan, — these ancl other snch facts are opposed to the aclmìs- 
sion of such prodigious geographical revolutions within thc 
rcccnt period, as arc necessary on the view aclvanced by 
Forbes and adinittcd by his followcrs. The naturc and rcla- 
tive proportions of tlic inhabitants of oceanic islancls arc 
likewise opposcd to thc bclicf of thcir fonner continuity with 
continents. Nor docs thc ahnost univcrsally volcanic com- 
position of such islands favour thc admission that thcy are 
thc wrecks of sunken contincnts;—if thcy had originally 
existed as continental inountain rangcs, some at lcast of thc 
islands would have becn forincd, likc othcr mountain sum- 
niits, of granite, mctamorphic schists, old fossilifcrous and 
other rocks, instead of consisting of mcrc piles of volcanic 
matter. 

I must now say a few words on what are callcd accidental 
means, but whicli more propcrly should be callcd occasional 
mcans of distribution. I shall here confìne mysclf to plants. 
In botanical works, this or that plant is often stated to be ill 
adapted for widc dissemination; but thc greatcr or lcss facili- 
ties for transport across the sea may l)c said to be almost 
wholly unknown. Until I tried, with Mr. Berkcley’s aid, a 
few experiments, it was not even known how far seeds 
could resist the injuriotis action of sca-watcr. To my sur- 
prise I found that out of 87 kinds, 64 gcrniinated after an 
immersion of 28 days, and a few survived an imincrsion of 
137 days. It deserves notice that certain ordcrs were far 
morc injured than others: nine Leguminosse wcrc tried, and, 
with one exception, they resistcd the salt-water badly; scvcn 
spccics of thc allied orders, Hydrophyllacere and rolcmo- 
niaceae, werc all killed by a month’s immersion. For con- 
venience’ sake I chiefiy tried small sceds withont the cap- 
sule or fruit; and as all of thcse sank in a fcw days thcy 
could not have bcen floated across widc spaces of thc sca, 
whether or not they wcre injured by thc salt-watcr. After- 
wards I tried somc largcr fruits, capsulcs, &c., and some of 
these floatcd for a long time. It is wcll known what a dif- 
ference there is in the buoyancy of grccn and seasoncd tini- 
ber ; and it occurred to mc that fìoods would oftcn wash into 
the sea dricd plants or branchcs with sccd-capsules or fruit 
attached to them. Hencc I was led to dry thc stcms and 
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branches of 94 plants with ripe fruìt, and to place them on 
sea-water. The majority sank quickly, but some which, 
whilst green, floated for a very short time, when dried floated 
much longer; for instance, ripe hazel-nuts sank immediately, 
but when dried they floated for 90 days, and afterwards when 
planted germinated; an asparagus-plant with ripe berries 
floated for 23 days, when dried it floated for 85 days, and 
the seeds afterwards germinated; the ripe seeds of Helosci- 
adium sank in two days, when dried they floated for above 
90 days, and afterwards germinated. Altogether, out of the 
94 dried plants, 18 floated for above 28 days; and some of 
the 18 floated for a very much longer period. So that as 
kinds of seeds germinated after an immersion of 28 days; 
and as distinct species with ripe fruit (but not all the same 
species as in the foregoing experiment) floated, after being 
dried, for above 28 days, we may conclude, as far as anything 
can be inferred from these scanty facts, that the seeds of 
kinds of plants of any country might be floated by sea-cur- 
rents during 28 days, and would retain their power of ger- 
mination. In Johnston’s Physical Atlas, the average rate of 
the several Atlantic currents is 33 miles per diem (some cur- 
rents running at the rate of 60 miles per diem) ; on this 
average, the seeds of 5^0 plants belonging to one country 
might be floated across 924 miles of sea to another country, 
and when stranded, if blown by an inland gale to a favour- 
able spot, would germinate. 

Subsequently to my experiments, M. Martens tried similar 
ones, but in a much better manner, for he placed the seeds 
in a box in the actual sea, so that they were alternately wet 
and exposed to the air like really floating plants. He tried 
98 seeds, mostly difìferent from mine; but he chose many 
large fruits and likewise seeds from plants which live near 
the sea; and this would have favoured both the average 
length of their flotation and their resistance to the injurious 
action of the salt-water. On the other hand, he did not pre- 
viously dry the plants or branches with the fruit; and this, 
as we have seen, would have caused some of them to have 
floated much longer. The result was that of his seeds of 
different kinds floated for 42 days, and were then capable of 
germination. But I do not doubt that plants exposed to the 
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waves would float for a lcss timc than those protected from 
violent movement as in our experiments. Therefore it would 
perhaps be safer to assume that the seeds of about piants 

of a èora, after having been dried, could be floated across a 

space of sea 900 iniles in width, and would then germinate. 

The fact of the largcr fruits often floating longer than the 

small, is interesting; as plants with large seeds or fruit which, 
as Alph. de Candolle has shown, generally have restricted 
ranges, could hardly be transported by any other means. 

Seeds may be occasionally transported in another manner. 
Drift tiinber is thrown up on most islands, even on those in 
the midst of the widest occans; and the natives of the coral- 
islands in the Pacific procure stones for their tools, solely 
from the roots of drifted trees, these stones being a valuable 
royal tax. I find that when irregularly shaped stones are 
embedded in the roots of trees, small parcels of earth are fre- 
quently enclosed in their interstices and behind them,—so 
perfectly that not a particle could be washed away during the 
longest transport: out of one small portion of earth thus 
completely enclosed by the roots of an oak about 50 years 
old, three dicotyledonous plants germinated; I am certain of 
tlie accuracy of this observation. Again, I can show that 
the carcases of birds, when floating on the sca, sometimes 
escape being immediately devoured: and many kinds of seeds 
in the crops of floating birds long retain their vitality: peas 
and vetches, for instance, are killed by evcn a few days’ im- 
mersion in sea-water; but some takcn out of thc crop of a 
pigeoii, which had floated on artificial sea-water for 30 days, 
to my surprise nearly all germinated. 

Living birds can hardly fail to be highly effective agents 
in the transportation of seeds. I cpuld give many facts 
showing how frcquently birds of many kinds are blown by 
gales to vast distances across the ocean. Wc may safely 
assume that imder such circumstances their rate of flight 
would often be 25 miles an hour; and some authors have 
given a far higher estimatc. I have never seen an instance 
of nutritious seeds passing through the intestines of a bird; 
but hard seeds of fruit pass uninjured through even the di- 
gestive organs of a turkey. In the course of two months, I 
picked up in my garden 12 kinds of sceds, out of the excre- 
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ment of small birds, and these seemed perfect, and some of 
them, which were tried, germinated. But the following fact 
is more important: the crops of birds do not secrete gastric 
juice, and do not, as I know by trial, injure in the least the 
germination of seeds; now, after a bird has found and de- 
voured a large supply of food, it is positively asserted that 
all the grains do not pass into the gizzard for twelve or even 
eighteen hours. A bird in this interval might easily be 
blown to the distance of 500 miles, and hawks are known to 
look out for tired birds, and the contents of their torn crops 
might thus readily get scattered. Some hawks and owls 
bolt their prey whole, and, after an interval of from twelve 
to twenty hours, disgorge pellets, which, as I know from 
experiments made in the Zoological Gardens, include seeds 
capable of germination. Some seeds of the oat, wheat, mil- 
let, canary, hemp, clover, and beet germinated after having 
been from twelve to twenty-one hours in the stomachs of 
different birds of prey; and two seeds of beet grew after hav- 
ing been thus retained for two days and fourteen hours. 
Fresh-water fish, I find, eat seeds of many land and water 
plants; fish are frequently devoured by birds, and thus the 
seeds might be transported from place to place. I forced 
many kinds of seeds into the stomachs of dead fish, and then 
gave their bodies to fishing-eagles, storks, and pelicans; 
these birds, after an interval of many hours, either rejected 
the seeds in pellets or passed them in their excrement; and 
several of these seeds retained the power of germination. 
Certain seeds, however, were always killed by this process. 

Locusts are sometimes blown to great distances from the 
land; I myself caught one 370 miles from the coast of Africa, 
and have heard of others caught at greater distances. The 
Rev. R. T. Lowe informed Sir C. Lyell that in November 
1844 swarms of locusts visted the island of Madeira. They 
were in countless numbers, as thick as the flakes of snow in 
the heaviest snowstorm, and extended upwards as far as 
could be seen with a telescope. During two or three days 
they slowly careered round and round in an immense ellipse, 
at least five or six miles in diameter, and at night alighted 
on the taller trees, which were completely coated with them. 
They then disappeared over the sea, as suddenly as they had 
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appeared, and liave not since visited thc island. Now, in 
parts of Natal it is hclieved by sonie fanners, though on in- 
stifficient evidence, that injurious seeds are introduced into 
their grassland in the dung lcft ])y thc great flights of locusts 
whìch often visit that country. In consequence of this bc- 
lief Mr. Wealc scnt inc iii a lctter a sniall packet of the dricd 
pellets, out of which I extracted iindcr the microscope several 
seeds, and raised from them sevcn grass plants, belonging to 
two species, of two gcncra. llencc a swarm of locusts, such 
as that which visited Madeira, might readily be the means of 
introducing several kinds of plants into an island lying far 
from the mainland. 

Although the beaks and feet of birds are generally clean, 
earth sometimes adheres to them: in one case I removed 
sixty-one grains, and in another case twenty-two grains of 
dry argillaceous earth from the foot of a partridge, and in 
the earth there was a pebble as large as the seed of a vetch. 
Here is a better case: the leg of a woodcock was sent to me 
by a friend, wìth a little cake of dry eartli attached to the 
shank, weighing only nine grains; and this contained a secd 
of the toad-rush (Juncus bufonius) which germinated and 
flowered. Mr. Swaysland, of Brighton, who during the last 
forty years has paid close attention to our migratory birds, 
informs me that he has often shot wagtails (Alotacillse), 
wheatears, and whincats (Saxicolae), on their fìrst arrival 
on our shores, before they had alighted; and he has several 
times noticed little cakes of eartli attachcd to their fect. 
Many facts could be given showing how generally soil is 
charged with seeds. For instance, Prof. Newton sent me 
the leg of a red-Iegged partridge (Caccabis rufa) which had 
been wounded and could not fly, with a ball of hard eartli 
adhering to it, and weighìng six and a half ounces. The 
earth had been kept for three years, but when broken, 
watered and placed under a bell-glass, no less than 82 plants 
sprung from it: these consisted of 12 monocotyledons, includ- 
ing the common oat, and at least onc kind of grass, and of 70 
dicotyledons, which consisted, judgiiig from thc young leaves, 
of at least three distinct specics. With such facts hcfore us, 
can we doubt that the many birds which are annually blown 
by gales across great spaces of ocean, and which annually 
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migrate—for instance, the millions of quails across the Medi- 
terranean—must occasionally tiansport a few seeds embedded 
in dirt adhering to their feet or beaks ? But I shall have to 
recur to this subject. 

As icebergs are known to be sometimes loaded with earth 
and stones, and have even carried brushwood, bones, and the 
nest of a land-bird, it can hardly be doubted that they must 
occasionally, as suggested by Lyell, have transported seeds 
form one part to another of the arctic and antarctic regions; 
and during the Glacial period from one part of the now tem- 
perate regions to another. In the Azores, from the large 
number of plants common to Europe, in comparison with the 
species on the other islands of the Atlantic, which stand 
nearer to the mainland, and (as remarked by Mr. H. C 
Watson) from their somewhat northern character in com- 
parison with the latitude, I suspected that these islands had 
been partly stocked by ice-borne seeds, during the Glacial 
epoch. At my request Sir C. Lyell wrote to M. Hartung 
to inquire whether he had observed erratic boulders on these 
islands, and he answered that he had found large fragments 
of granite and other rocks, which do not occur in the archi- 
pelago. Hence we may safely infer that icebergs formerly 
landed their rocky burthens on the shores of these mid-ocean 
islands, and it is at least possible that they may have brought 
thither some few seeds of northern plants. 

Considering that these several means of transport, and that 
other means, which without doubt remain to be discovered, 
have been in action year after year for tens of thousands of 
years, it would, I think, be a marvellous fact if many plants 
had not thus become widely transported. These means of 
transport are sometimes called accidental, but this is not 
strictly correct: the currents of the sea are not accidental, 
nor is the direction of prevalent gales of wind. It should be 
observed that scarcely any means of transport would carry 
seeds for very great distances: for seeds do not retain their 
vitality when exposed for a great length of time to the action 
of sea-water; nor could they be long carried in the crops or 
intestines of birds. These means, however, would suffice for 
occasional transport across tracts of sea some hundred miles 
in breadth, or from island to island, or from a continent to a 


DISPERSAL DURING GLACIAL PERIOD 411 

neighbouring island, but not from one distant continent to 
another. The floras of distant contincnts would not by such 
means become mingled; but would remain as distinct as thcy 
now are. The currents, from their course, would nevcr 
bring seeds from North America to Britain, though they 
might and do bring seeds from the Wcst Indics to our west- 
ern shores, where, if not killed by their long immersion in 
salt-water, they could not endure our climate. Alinost evcry 
year, one or two land-birds are blown across thc whole At- 
lantic Ocean, from North America to the western shores of 
Ireland and England; but seeds could be transported by these 
rare wanderers only by one means, namely, by dirt adhering 
to their feet or beaks, which is in itself a rare accident. 
Even in this case, how small would be the chance of a secd 
falling on favourable soil, and coming to maturity! But it 
would be a great error to argue that bccause a well-stocked 
island, like Great Britain, has not, as far as is known (and 
it would be very difflcult to prove this), received within the 
last few centuries, through occasional means of transport, 
immigrants from Europe or any other continent, that a 
poorly-stocked island, though standing more remote froin the 
mainland, would not reccive colonists by similar means. Out 
of a hundred kinds of seeds or animals transported to an 
island, even if far less well-stocked than Britain, perhaps 
not more than one would bc so well fltted to its new home, 
as to become naturalised. But this is no valid argument 
against what would be effected by occasional means of trans- 
port, during the long lapse of gcological time, whilst the 
island was being upheaved, and before it had become fully 
stocked with inhabitants. On alniost bare land, wìth few or 
no destructive insects or birds living there, nearly every seed 
which chanced to arrive, if fitted for the clìmate, would ger- 
minate and survive. 

DISPERSAL DURING THE GLACIAL PERIOD 

The identity of many plants and animals, on mountain- 
summìts, separated from each other by hundreds of miles of 
lowlands, where Alpine specics could not possibly exist, is 
one of the most striking cases known of the saine species 
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living at distant points, without the apparent possibility of 
their having migrated from one point to the other. It is in- 
deed a remarkable fact to see so many plants of the same 
species living on the snowy regions of the Alps or Pyrenees, 
and in the extreme northern parts of Europe; but it is far 
more remarkable, that the plants on the White Mountains, 
in the United States of America, are all the same with those 
of Labrador, and nearly all the same, as we hear from Asa 
Gray, with those on the loftiest mountains of Europe. Even 
as long ago as 1747, such facts led Gmelin to conclude that 
the same species must have been independently created at 
many distinct points; and we might have remained in this 
same belief, had not Agassiz and others called vivid atten- 
tion to the Glacial period, which, as we shall immediately 
see, affords a simple explanation of these facts. We have 
evidence of almost every conceivable kind, organic and in- 
organic, that, within a very recent geological period, central 
Europe and North America suffered under an arctic climate. 
The ruins of a house burnt by fire do not tell their tale more 
plainly than do the mountains of Scotland and Wales, with 
their scored flanks, polished surfaces, and perched boulders, 
of the icy streams with which their valleys were lately filled. 
So greatly has the climate of Europe changed, that in North- 
ern Italy, gigantic moraines, left by old glaciers, are now 
clothed by the vine and maize. Throughout a large part of 
the United States, erratic boulders and scored rocks plainly 
reveal a former cold period. 

The former influence of the glacial climate on the distribu- 
tion of the inhabitants of Europe, as explained by Edward 
Forbes, is substantially as follows. But we shall follow the 
changes more readily, by supposing a new glacial period 
slowly to come on, and then pass away, as formerly occurred. 
As the cold came on, and as each more southern zone be- 
came fitted for the inhabitants of the north, these would take 
the places of the former inhabitants of the temperate regions. 
The latter, at the same time, would travel further and fur- 
ther southward, unless they were stopped by barriers, in 
which case they would perish. The mountains would become 
covered with snow and ice, and their former Alpine Inhabit- 
ants would descend to the plains. By the time that the cold 
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had reached its maxinium, we should havc an arctic fauna 
and flora, covering thc ccntral parts of Europe, as far south 
as the Alps and Pyrences, and evcn stretching into Spain. 
The now temperate regions of thc Unitcd States woiild likc- 
wise be covcred by arctic plants and animals and thcsc would 
be nearly the same with thosc of Europc; for thc prcscnt 
circumpolar inhabitants, which we suppose to have every- 
where travelled soutliward, are remarkably uniform round 
the world. 

As the warmth returncd, the arctic forms would retreat 
northward, closely followcd up in their retreat by thc produc- 
tions of the more temperatc regions. And as thc snow 
melted from the bases of the mountains, the arctic forms 
would seize on the clcarcd and thawed ground, always as- 
cending, as the warmth increased and the snow still furthcr 
disappeared, higher and higher, whilst thcir brethren wcre 
pursuing their northern journey. Hence, whcn thc warmth 
had fully returned, the same specics, which had lately lived 
together on the European and North American lowlands, 
would again be found in the arctic regions of the Old and 
New Worlds, and on many isolated mountain-summits far 
distant from each other. 

Thus we can understand thc identity of many plants at 
points so immensely remote as the mountains of the United 
States and those of Europe. Wc can thus also undcrstand 
the fact that the Alpine plants of each mountain-range are 
more especially related to the arctic forms livìng due north 
or nearly due north of thcm: for the first migration whcn 
thc cold came on, and thc rc-migration on thc returning 
warmth, would generally havc bccn duc south and north. 
The Alpine plants, for cxamplc, of Scotland, as rcmarkcd 
by Mr. H. C. Watson, and thosc of the Pyrenccs, as re- 
marked by Ramond, arc more espccially allicd to thc plants 
of northcrn Scandinavia; thosc of thc United Statcs to Lab- 
rador; those of the mountains of Siberia to the arctic regions 
of that country. Thesc views, grounded as thcy arc on the 
perfectly wcll-asccrtaincd occurrencc of a formcr Glacial 
period, scem to mc to explain in so satisfactory a manncr 
the present distribntion of thc Alpinc and Arctic prodiictions 
of Europc and America, that when in other rcgions wc find 
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the same species on distant mountain-summits, we may al- 
most conclude, without other evidence, that a colder climate 
formerly permitted their migration across the intervening 
lowlands, now become too warm for their existence. 

As the arctic forms moved first southward and afterwards 
backwards to the north, in unison with the changing climate, 
they will not have been exposed during their long migrations 
to any great diversity of temperature; and as they all mi- 
grated in a body together, their mutual relations will not 
have been much disturbed. Hence, in accordance with the 
principles inculcated in this volume, these forms will not have 
been liable to much modification. But with the Alpine pro- 
ductions, left isolated from the moment of the returning 
warmth, first at the bases and ultimately on the summits of 
the mountains, the case will have been somewhat different; 
for it is not likely that all the same arctic species will have 
been left on mountain-ranges far distant from each other, 
and have survived there ever since; they will also in all prob- 
ability, have become mingled with ancient Alpine species, 
which must have existed on the mountains before the com- 
mencement of the Glacial epoch, and which during the cold- 
est period will have been temporarily driven down to the 
plains; they will, also, have been subsequently exposed to 
somewhat different climatal influences. Their mutual rela- 
tions will thus have been in some degree disturbed; conse- 
quently they will have been liable to modification; and they 
have been modified; for if we compare the present Alpine 
plants and animals of the several great European mountain- 
ranges one with another, though many of the species remain 
identically the same, some exist as varieties, some as doubt- 
ful forms or sub-species, and some as distinct yet closely 
allled species representing each other on the several ranges. 

In the foregoing illustration I have assumed that at the 
commencement of our imaginary Glacial period, the arctic 
productions were as unlform round the polar regions as they 
are at the present day. But it is also necessary to assume 
that many sub-arctic and some few temperate forms were 
the same round the world, for some of the species which 
now exist on the lower mountain-slopes and on the plains of 
North America and Europe are the same; and it may be 
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asked how I account for this degree oi uniformity Ìn the 
sub-arctic and temperate forms round the world, at the com- 
mencement of the real Glacial period. At the present day, 
the sub-arctic and northern temperate productions of the Old 
and New Worlds are separated from each other by the whole 
Atlantic Ocean and by the northern part of thc Pacific. 
During the Glacial period, when the inhabitants of the Old 
and New Worlds lived farther southwards than they do at 
present, they must have been still more completely scparated 
from each other by wider spaces of ocean; so that it may 
well be asked how the samc species coiild then or previously 
have entered the two continents. The explanation, I believe, 
lies in the nature of the climate before the commencement of 
the Glacial period. At this, the newer Pliocene period, the 
majority of the inhabitants of the world were specifically the 
same as now, and we have good reason to believe that the 
climate was warmer than at the present day. Hence we 
may suppose that the organìsms which now live under lati- 
tude 6o°, lived during the Plìocene period farther north 
under the Polar Circle, in latitude 66°-67*; and that the 
present arctic productions then lived on the broken land still 
nearer to the pole. Now, if we look at a terrestrial globe, 
we see under the Polar Circle that there ìs almost contìnuous 
land from western Europe, through Siberia, to eastern Amer- 
ica. And this continuity of the circumpolar land, with the 
consequent freedom under a more favourable climate for 
intermigration, will account for the supposed uniformity of 
the sub-arctic and temperate productions of the Old and New 
Worlds, at a period anterior to the Glacìal epoch. 

Believing, from reasons before alluded to, that our conti- 
nents have long remained in nearly the same relative posì- 
tion, though subjected to great oscillations of level, I am 
strongly ìnclined to extend the above view, and to infer that 
during some still earlier and still warmer period, such as the 
older Pliocene period, a large number of the same plants and 
animals inhabìted the almost continuous circumpolar land; 
and that these plants and anìmals, both in the Old and New 
Worlds, began slowly to migrate southwards as the climate 
became less warm, long before the commencement of the 
Glacial pcriod. We now see, as I bclieve, their dcscendants. 
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mostly in a modifìed condition, in the central parts of Europe 
and the United States. On this view we can understand the 
relationship with very little identity, between the productions 
of North America and Europe,—a relationship which is 
highly remarkable, considering the distance of the two areas, 
and their separation by the whole Atlantic Ocean. We can 
further understand the singular fact remarked on by several 
observers that the productions of Europe and America dur- 
ing the later tertiary stages were more closely related to 
each other than they are. at the present time; for during 
these warmer periods the northern parts of the Old and New 
Worlds will have been almost continuously united by land, 
serving as a bridge, since rendered impassable by cold, for 
the intermigration of their inhabitants. 

During the slowly decreasing warmth of the Pliocene 
period, as soon as the species in common, which inhabited 
the New and Old Worlds, migrated south of the Polar 
Circle, they wìll have been completely cut off from each 
other. This separation, as far as the more temperate produc- 
tions are concerned, must have taken place long ages ago. 
As the plants and animals migrated southward, they will 
have become mingled in the one great region with the native 
American productions, and would have had to compete with 
them; and in the other great region, with those of the Old 
World. Consequently we have here everything favourable 
for much modifìcation,—for far more modifìcation than with 
the Alpine productions, left isolated, within a much more 
recent period, on the several mountain-ranges and on the 
arctic lands o£ Europe and N. America. Hence it has come, 
that when we compare the now living productions of the tem- 
perate regions of the New and Old Worlds, we find very few 
identical species (though Asa Gray has lately shown that 
more plants are identical than was formerly supposed), but 
we fìnd in every great class many forms, which some nat- 
uralists rank as geographical races, and others as distinct 
species; and a host of closely allied or representative forms 
which are ranked by all naturalists as specifìcally distinct. 

As on the land, so in the waters of the sea, a slow south- 
ern migration of a marine fauna, which, during the Pliocene 
or even a somewhat earlier period, was nearly uniform along 
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the continuous shores of the Polar Circle, will account, on 
the theory of modification, for inany closely allied forms now 
living in marine areas completely sundered. Thus, I think, 
we can understand thc presence of some closely allied, still 
existing and extinct tertiary forins, on the eastern and west- 
ern shores of temperate North America; and the still more 
striking fact of many closcly allied crustaceans (as descrihed 
in Dana’s admirable work), some fish and other marine ani- 
mals, inhabiting the Mediterranean and the seas of Japan,— 
these two areas being now completely separated by the 
breadth of a whole contincnt and by wide spaces of ocean. 

These cases of close relationship in species either now or 
formerly inhabiting the seas on the eastern and western 
shores of North America, the IMeditcrranean and Japan, and 
the temperate lands of North America and Europe, are inex- 
plicable on the theory of creation. We cannot maintain that 
such species have been created alike, in correspondence with 
the nearly similar physical conditions of thc areas; for if we 
compare, for instance, certain parts of South America with 
parts of South Africa or Australia, we see countries closely 
similar in all their physical conditions, with their inhabitants 
utterly dissimilar. 

ALTERNATE GLACIAL PERIODS IN TIIE NORTII AND SOUTH 

But we must return to our more immediatc subject. I am 
convinced that Forbes’ view may be largely extended. In 
Europe we meet with the plainest evidencc of the Glacial 
period, from the western shores of Britain to the Oural range, 
and southward to the Pyrenees. We may infer from the 
frozen mammals and nature of the mountain vegetation. that 
Siberia was similarly affected. In the Tebanon, according 
to Dr. Hookcr, perpetual snow formerly covered thc central 
axis, and fed glaciers which rolled 4000 feet down thc val- 
leys. The same observer has rccently found great moraines 
at a low level on the Atlas range in N. Africa. Along thc 
Himalaya, at points 900 milcs apart, glaciers havc Icft the 
inarks of their former low descciit; and in Sikkini. Dr. 
Plooker saw maize growing on ancient and gigantic moraines. 
Soutlnvard of thc Asiatic continent, on the opposite side of 
N IK' XI 
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the equator, we know, froni the excellent researches of Dr. 
J. Haast and Dr. Hector, that in New Zealand immense 
glaciers formerly descended to a low level; and the same 
plants found by Dr. Hooker on widely separated mountains 
in this island tell the same story of a former cold period. 
From facts communicated to me by the Rev. W. B. Clarke, 
it appears also that there are traces of former glacial action 
on the mountains of the south-eastern corner of Australia. 

Looking to America; in the northern half, ice-borne frag- 
ments of rock have been observed on the eastern side of the 
continent, as far south as lat. 36^-37®, and on the shores of 
the Pacific, where the climate is now so difìferent, as far 
south as lat. 46°. Erratic boulders have, also, been noticed 
on the Rocky Mountains. In the Cordillera of South Amer- 
ica, nearly under the equator, glaciers once extended far be- 
low their present level. In Central Chìle I examined a vast 
mound of detritus with great boulders, crossing the Portillo 
valley, which there can hardly be a doubt once formed a huge 
moraine; and Mr. D. Forbes informs me that he found in 
various parts of the Cordillera, from lat. 13° to 30° S., at 
about the height of 12,000 feet, deeply-furrowed rocks, re- 
sembling those with which he was familiar in Norway, and 
likewise great masses of detritus, including grooved pebbles. 
Along this whole space of the Cordillera true glaciers do iiot 
now exist even at much more considerable heights. Farther 
south on both sides of the continent, from lat. 41® to the 
southernmost extremity, we have the clearest evidence of 
former glacial action, in numerous immense boulders trans- 
ported far from their parent source. 

From these several facts, namely from the glacial action 
having extended all round the northern and southern hemi- 
spheres—from the period having been in a geological sense 
recent in both hemispheres—from its having lasted in both 
during a great length of time, as may be inferred from the 
amount of work effected—and lastly from glaciers having 
recently descended to a low level along the whole line of the 
Cordillera, it at one time appeared to me that we could not 
avoid the conclusion that the temperature of the whole world 
had been simultaneously lowered during the Glacial period. 
But now Mr. Croll, in a series of admirable memoirs, has 





ALTERNATE GLACIAL PERIODS 


419 


attempted to show that a glacial condition of climate is the 
result of various physical causes, brought into operation by 
an increase in the eccentricity of the earth’s orbit. All these 
I causes tend towards the same end; but the most powerful 
I appears to be the indirect influence of the eccentricity of the 
' orbit upon oceanic currents. According to Alr. Croll, cold 
'ì periods regularly recur every ten or fifteen thousand years; 
and these at long intervals are extremely severe, owing to 
certain contingencies, of which the most important, as Sir C. 
Lyell has shown, is the relative position of the land and 
I water. Mr. Croll believes that the last great Glacial period 

1 occurred about 240,000 years ago, and endured with slight 

alterations of climate for about 160,000 years. With respect 
j to more ancient Glacial periods, several geologists are con- 
j vinced from direct evidence that such occurred during the 
I Miocene and Eocene formations, not to mention still more 
I ancient formations. But the most important result for us, 
arrived at by Mr. Croll, is that whenever the northern hemi- 
sphere passes through a cold period the temperature 
1 of the southern hemisphere is actually raised, with the win- 
ters rendered much milder, chiefly through changes in the 
1 direction of the ocean-currents. So conversely it will be 
with the northern hemisphere, whilst the southern passes 
through a Glacial period. This conclusion throws so much 
I light on geographical distribution that I am strongly inclined 
to trust in it; but I will first give the facts, which demand 
an explanation. 

In South America, Dr. Hookcr has shown that besides 
many closely allied species, between forty and fifty of the 
flowering plants of Tierra del Fuego, forming no inconsider- 
I able part of its scaiity flora, are common to North America 

I and Europe, enormously remote as these areas in opposite 

hemispheres are from eacb other. On the lofty mountains 
of equatorial America a host of peculiar species belongìng 
to European genera occur. On the Organ mountains of 
Brazil, some few temperate European, some Antarctic, and 
some Andean genera were found by Gardner. which do iiot 
exist in the low intervcning hot countries. On the Silla of 
Caraccas, the illustrious Ilumboldt long ago foiind species 
belonging to genera characteristic of the Cordillera. 
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In Africa, several forms characteristic of Europe and some 
few representatives of the flora of the Cape of Good Hope 
occur on the mountains of Abyssinia. At the Cape of Good 
Hope a very few European species, believed not to have been 
introduced by man, and on the mountains several representa- 
tive European forms are found, which have not been dis- 
covered in the intertropical parts of Africa. Dr. Hooker 
has also lately shown that several of the plants living on the 
upper parts of the lofty island of Fernando Po and on the 
neighbouring Cameroon mountains^ in the Gulf of Guinea, 
are closely related to those on the mountains of Abyssinia, ^ 
and likewise to those of temperate Europe. It now also 
appears, as I hear from Dr. Hooker, that some of these same 
temperate plants have been discovered by the Rev. R. T. 
Lowe on the mountains of the Cape Verde islands. This I 
extension of the same temperate forms, almost under the 
equator, across the whole continent of Africa and to the 
mountains of the Cape Verde archipelago, is one of the most 
astonishing facts ever recorded Ìn the distribution of plants. 

On the Himalaya, and on the isolated mountain-ranges of 
the peninsula of India, on the heights of Ceylon, and on the 
volcanic cones of Java, many plants occur, either identically 
the same or representing each other, and at the same time 
representing plants of Europe, not found in the intervening 
hot lowlands. A list of the genera of plants collected on 
the loftier peaks of Java, raises a picture of a collection made 
on a hillock in Europe! StiII more striking is the fact that 
peculiar Australian forms are represented by certain plants 
growing on the summits of the mountains of Borneo. Some 
of these Australian forms, as I hear from Dr. Hooker, ex- 
tend along the heights of the peninsula of Malacca, and are 
thinly scattered on the one hand over India, and on the other 
hand as far north as Japan. 

On the southern mountains of Australia, Dr. F. MiiIIer has 
discovered several European species; other species, not in- 
troduced by man, occur on the lowlands; and a long list can 
be given, as I am informed by Dr. Hooker, of European 
genera, found in Australia, but not in the intermediate torrid 
regions. In the admirable Tntroduction to the Flora of New 
Zealand,' by Dr. Hooker, analogous and striking facts are 
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gìven in regard to the plants of that large island. Hence we 
see that certain plants growing on the more lofty mountains 
of the tropics in all parts of the world, and on the temperate 
plains of the north and south, are either the sanie species or 
varieties of the same species. It should, however, be ob- 
served that these plants are not strictly arctic forms; for, as 
Mr. H. C. Watson has remarked, “in receding from polar 
towards equatorial latitudes, thc Alpine or moimtain floras 
really become less and less Arctic.” Besides these identical 
and closely allied forms, many species inhabiting the same 
widely sundered areas, belong to genera not now found in 
the intermediate tropical lowlands. 

These brief remarks apply to plants alone; but some few 
analogous facts could be given in regard to terrestrial ani- 
nials. In marine productions, similar cases likewise occur; 
as an exaniple, I may quote a statement by the highest 
authority, Prof. Dana, that “it is certainly a woiiderful fact 
that New Zealand sliould have a closer resemblance Ìn its 
crustacea to Great Britain, its antipode, than to any other 
part of the world.’’ Sir J. Richardson, also, speaks of the re- 
appearance on the shores of New Zealand, Tasmania, &c., of 
northern forms of fìsh. Dr. Hooker informs me that 
twenty-five species of Algae are common to New Zealand 
and to Europe, but have not been found in the intermediate 
tropical seas. 

From the foregoing facts, namely, the presence of tem- 
perate forms on the highlands across the whole of equatorial 
Africa, and along thc Pcninsula of India, to Ceylon and the 
Malay Archipclago, and in a Icss well-marked manner across 
the wide expanse of tropical South America, it appears 
almost certain that at some former period, no doubt during 
the most severc part of a Glacial period, the lowlands of 
these great contincnts were everywhere tenanted under thc 
equator by a considerable number of temperate forins. At 
this pcriod the cquatorial climate at the level of the sea was 
probably about thc sanie with that now cxpericnccd at thc 
height oi from five to six thousand feet under tlie samc lati- 
tude, or pcrhaps evcn rather cooler. During this, thc coldcst 
period, thc lowlands under the equator inust havc bccn 
clothed with a minglcd tropical and tcinperate vegetation, 
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like that described by Hooker as growing luxuriantly at the 
height of from four to fìve thousand feet on the lower slopes 
of the Himalayas, but with perhaps a still greater prepon- 
derance of temperate forms. So again in the mountainous 
islands of Fernando Po, in the Gulf of Guinea, Mr. Mann 
found temperate European forms beginning to appear at the 
height of about fìve thousand feet. On the mountains of 
Panama, at the height of only two thousand feet, Dr. See- 
mann found the vegetation like that of Mexico, “with forms 
of the torrid zone harmoniously blended with those of the 
temperate.'" 

Now let us see whether Mr. CroH's conclusion that when 
the northern hemisphere sufìfered from the extreme cold of 
the great Glacial period, the southern hemisphere was actu- 
ally warmer, throws any clear light on the present apparently 
inexplicable distribution of various organisms in the tem- 
perate parts of both hemispheres, and on the mountains of 
the tropics. The Glacial period, as measured by years, must 
have been very long; and when we remember over what vasl 
spaces some naturalised plants and animals have spread 
within a few centuries, this period will have been ample for 
any amount of migration. As the cold became more and 
more intense, we know that Arctic forms invaded the tem- 
perate regions; and, from the facts just gìven, there can 
hardly be a doubt that some of the more vigorous, dominant 
and widest-spreading temperate forms invaded the equa- 
torial lowlands. The inhabitants of these hot lowlands would 
at the same time have migrated to the tropical and sub- 
tropical regions of the south, for the southern hemisphere 
was at this period warmer. On the decline of the Glacial 
period, as both hemispheres gradually recovered their former 
temperatures, the northern temperate forms living on the 
lowlands under the equator, would have been driven to their 
former homes or have been destroyed, being replaced by the 
equatorial forms returning from the south. Sonie, however, 
of the northern temperate forms would almost certainly have 
ascended any adjoining high land, where, if sufficiently lofty, 
they would have long survived like the Arctic forms on the 
mountains of Europe. They might have survived, even if 
the climate was not perfectly fitted for them, for the change 
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of temperature must have been very slow, and plants un- 
doubtedly possess a certain capacity for acclimatisation, as 
shown by their transmitting to their offspring different con- 
stitutional powers of resisting heat and cold. 

In the reguiar course of evcnts the southern hemisphere 
would in its turn be subjected to a severe Glacial period, with 
the northern hemisphere rendcred wariner; and then the 
southern temperate forms would invadc the equatorial low- 
lands. The northern forms which had before been left on 
the mountains would now descend and mingle with the south- 
ern forms. These latter, wben the warmth returned, would 
return to their former homes, leaving some few species on 
the mountains, and carrying southward with them some of 
the northern temperate forms which had descended from 
their mountain fastnesses. Thus, we should have some few 
species identically the same in the northern and southern 
temperate zones and on the mountains of the intermediate 
tropical regions. But the species left during a long time on 
these mountains, or in opposite hemispheres, would have to 
compete with many new forms and would be exposed to 
somewhat different physical conditions; hence they would 
be eminently liable to modification, and would generally now 
exist as varieties or as representative species; and this is the 
case. We must, also, bear in mind the occurrence in both 
hemispheres of former Glacial periods; for these will ac- 
count, in accordance with the same principles, for the many 
quite distinct species inhabiting the same widely separated 
areas, and belonging to genera not now found in the inter- 
mediate torrid zones. 

It is a remarkable fact strongly insisted on by Hooker in 
regard to America, and by Alph. dc Candolle in rcgard to 
Australia, that many more identical or slightly modified spe- 
cies have migratcd from thc north to the south, thaii in a 
reversed direction. Wc see, however, a fcw southcrn forms 
on the mountains of Bornco and Abyssinia. I siispcct that 
this preponderant migration from the north to thc south is 
due to the greater extent of land in thc north, and to the 
northern forms having existed in thcìr own hoincs in grcatcr 
numbers, and having conscqucntly bccn advanced through 
natural selection and coinpctition to a hìgher stage of per- 
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fection, or domìnating power, than the southern forms. And 
thus, when the two sets became commingled in the equatorial 
regions, during the alternations of the Glacial periods, the 
northern forms were the more powerful and were able to 
hold their places on the mountains, and afterwards to mi- 
grate southward with the southern forms; but not so the 
southern in regard to the northern forms. In the same 
manner at the present day, we see that very many European 
productions cover the ground in La Plata, New Zealand, and 
to a lesser degree in Australia, and have beaten the natives; 
whereas extremely few southern forms have become natu- 
ralised in any part of the northern hemisphere, though hides, 
wool, and other objects likely to carry seeds have been 
largely imported into Europe during the last two or three 
centuries from La Plata and during the last forty or fìfty 
years from Australia. The Neilgherrie mountains in India, 
however, offer a partial exception; for here, as I hear from 
Dr. Hooker, Australian forms are rapidly sowing themselves 
and becoming naturalised. Before the last great Glacial 
period, no doubt the intertropical mountains were stocked 
with endemic Alpine forms; but these have almost every- 
where yielded to the more dominant forms generated in the 
larger areas and more efficient workshops of the north. In 
many islands the native productions are nearly equalled, or 
even outnumbered, by those which have become naturalised; 
and this is the first stage towards their extinction. Moun- 
tains are islands on the land, and their ìnhabitants have 
yielded to those produced within the larger areas of the 
north, just in the same way as the inhabitants of real islands 
have everywhere yielded and are still yielding to continental 
forms naturalised through man’s agency. 

The same principles apply to the distribution of terrestrial 
animals and of marine productions, in the northern and 
southern temperate zones, and on the intertropical mountains. 
When, during the height of the Glacial period, the ocean- 
currents were widely different to what they now are, some 
of the inhabitants of the temperate seas might have reached 
the equator; of these a few would perhaps at once be able to 
migrate southward, by keeping to the cooler currents, whilst 
others might remain and survive in the colder depths until 
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the southern hemisphere was in its turn subjected to a glacial 
climate and pcrmitted their further progrcss; in ncarly thc 
same manner as, according to Forbes, isolaicd spaccs inhab- 
ited by Arctic productions cxist to thc prcscnt day in thc 
deeper parts of the northern tempcrate seas. 

I am far from supposing that all thc diflìciiltics in rcgard 
to the distribution and affinities of thc identical and allicd 
species, which now livc so widcly separated in the nortli and 
south, and sometimes on ihc intcrmediatc mountain-ranges, 
are rcmoved on the views above givcn. Thc cxact lincs of 
migralion cannot bc indicated. Wc cannot say why certain 
species and not otbers have migratcd; why certain species 
have been modified and have given rise to iiew forms, whilst 
others have remained unaltered. \Vc cannot hope to cxplain 
such facts, until we can say why one species and not another 
becomes naturalised by man’s agency in a foreign land; why 
one species ranges twice or thrice as far, and is twice or 
thrice as common, as another species within their own homes. 

Various special difficulties also remain to be solvxd: for 
instance, the occurrence, as shown by Dr. Ilooker, of thc 
same plants at points so cnormously rcmotc as Kcrguclen 
Land, New Zealand, and Fnegia; but iccbergs, as suggcsted 
by Lyell, may have been concerned in their dispcrsal. Thc 
existence at these and otlicr distant points of the southern 
hemisphere, of species, which, though distinct, belong to 
gencra exclusively confined to thc south, is a morc rcmark- 
able case. Some of thcse spccies are so distinct, that we 
cannot suppose that there has bcen time sincc the commcnce- 
ment of thc last Glacial period for their migration and sub- 
sequent modification to the neccssary degrce. Thc facts 
seem to indicate that distinct specics belonging to thc samc 
genera have migrated in radiating lines from a coinnion 
genera; and I am inclincd to look in thc southern, as in thc 
northern hemisphcre, to a fornicr and warincr |)eriod. boforc 
the commencement of the last Glacial period, whcn thc Ant- 
arctic lands, now covcrcd with icc, supportcd a highly ^ 
peculiar and isolated fiora. It may bc suspcctcd that bcfore 
this fiora was exterminated during thc last Glacial epoch, a 
fcw forms had becn alrcady widcly dispcrscd to v'arious 
points of thc southcrn hcmispherc by occasional means of 
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transport, and by the aid as haltìng-places, of now sunken 
islands. Thus the southern shores of America, Australia, 
and New Zcaland may have become slightly tinted by the 
same peculiar forms of life. 

Sir C. Lyell in a striking passage has speculated, in lan- 
guage almost identical with mine, on the effects of great 
alterations of climate throughout the world on geographical 
distribution. And we have now seen that Mr. Croll’s conclu- 
sion that successive Glacial periods in the one hemisphere 
coincide with warmer periods in the opposite hemisphere, 
together with the admission of the slow modification of spe- 
cies, explains a multitude of facts in the distribution of the 
same and of the allied forms of life in all parts of the globe. 
The living waters have flowed during one period from the 
north and during another from the south, and in both cases 
have reached the equator; but the stream of life has flowed 
with greater force from the north than in the opposite direc- 
tion, and has consequently more freely inundated the south. 
As the tide leaves its drift in horizontal lines, rising higher 
on the shores where the tide rises highest, so have the living 
waters left their living drift on our mountain summits, in a 
line gently rising from the Arctic lowlands to great altitude 
under the equator. The various beings thus left stranded 
may be compared with savage races of man, driven up and 
surviving in the mountain fastnesses of almost every land, 
which serves as a record, full of interest to us, of the former 
inhabitants of the surrounding lowlands. 






CHAPTER XIII 

Geographical Distributiox —contimied 


Distribution of fresh-water productions—On the Ìnhabitants of 
oceanic islands —Absence ot Batrachians and of terrestrial Mam- 
mals—On the relation of the inhabitants of islands to those of 
the nearest mainland—On colonisation from the nearest source 
with subsequcnt modifìcation—Summary of the last and prcsent 
chapter. 


FRESH-WATER PRODUCTIONS 


lakes and river-systems are separated from each 



other by barriers of land, it might have been thought 


that fresh-water productions would not have ranged 
widely within the same country, and as the sea is apparently 
a still more formidable barricr, that they would never have 
extended to distant countries. But the case is exactly the re- 
verse. Not only have many fresh-water species, belonging 
to different classes, an cnormous range, but allied species 
prevail in a remarkable manner throughout the world. When 
fìrst collecting in the fresh waters of Brazil, I well remember 
feeling much surprise at the similarity of the frcsh-water 
insects, shells, &c., and at the dissimilarity of the surround- 
ing terrestrial beings, comparcd with those of Britain. 

But the wide ranging power of fresh-water productions 
can, I think, in most cascs be explained by their having be- 
come fìtted, in a manner highly useful to them, for short 
and frequent migrations from pond to pond, or from stream 
to stream, within their own countries; and liability to wlde 
dispersal woukl follow from this capacity as an almost neccs- 
sary consequence. We can herc consider only a fcw cases; 
of these, some of the most difììcult to oxplain are prcsented 
by fish. It was formerly belicved that thc sanie frcsh-watcr 
species nevcr existcd on two contincnts distant froni each 
other. But Dr. Giinthcr has latcly shown tliat tlie Galaxias 
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attenuatus inhabits Tasmania, New Zealand, the Falkland 
Islands, and the mainland of South America. This is a won- 
derful case, and probably indicates dispersal from an Ant- 
arctic centre during a former warm period. This case, how- 
ever, is rendered in some degree less surprising by the spe- 
cies of this genus having the power of crossing by some 
unknown means considerable spaces of open ocean: thus 
there is one species common to New Zealand and to the 
Auckland Islands, though separated by a distance of about 
230 miles. On the same continent fresh-water fish often 
range widely, and as if capriciously; for in two adjoining 
river-systems some of the species may be the same, and some 
wholly difìferent. 

It is probable that they are occasionally transported by 
what may be called accìdental means. Thus fishes still alive 
are not very rarely dropped at distant points by whirlwinds; 
and it is known that the ova retain theìr vitality for a con- 
siderable time after removal from the water. Their dispersal 
may, however, be mainly attributed to changes in the level 
of the land within the recent period, causing rivers to flow 
into each other, Instances, also, could be given of this 
having occurred during floods, without any change of level. 
The wide difference of the fish on the opposite sides of most 
mountain-ranges, which are continuous, and which conse- 
quently must from an early period have completely prevented 
the inosculation of the river-system on the two sides, leads to 
the same conclusion, Some fresh-water fish belong to very 
ancient forms, and in such cases there will have been ample 
time for great geographical changes, and consequently time 
and means for much migration. Moreover Dr. Gunther has 
recently been led by several considerations to infer that with 
fishes the same forms have a long endurance. Salt-water 
fish can wìth care be slowly accustomed to live in fresh 
water; and, according to Valenciennes, there is hardly a 
single group of which all the members are confined to fresh 
water, so that a marine species belongìng to a fresh-water 
group might travel far along the shores of the sea, and 
could, it is probable, become adapted without much difficulty 
to the fresh waters of a distant land. 

Some species of fresh-water shells have very wide ranges. 
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and allicd species vvhich, on our thcory, are desccndcd from 
a comnion parent, and must have procceded froin a single 
source, prevail throughout the vvorld. Thcir distribution at 
first perplexed mc niuch, as their ova arc not likcly to be 
transported by birds; and the ov^a, as well as the adults, arc 
immediately killcd by sca-watcr. I could not even under- 
stand how some naturaliscd spccies havc sprcad rapidly 
throughout the same country. But two facts, which I have 
observed—and many othcrs no doubt will be discovered— 
throw some light on this subject. Whcn ducks suddcnly 
emerge from a pond covercd with duck-wecd, I havc twice 
seen these little plants adhcring to thcir backs; and it has 
happened to me, in rcmoving a little duck-weed from one 
aquarium to another, that I hav'e unintentionally stockcd the 
one with fresh-water shclls from thc othcr. But anothcr 
agency is pcrhaps more eftcctual: I suspcnded the fect of a 
duck in an aquarium, whcre many ova of fresh-water shells 
were hatching; and I found that numbers of the extremely 
minute and just-hatchcd shclls crawled on the fcet, and clung 
to them so firmly that when takcn out of thc water they 
could not be jarred off, though at a somewhat more advanced 
age they vv^ould voluntarily drop off. Thcse just-hatchcd 
molluscs, though aquatic in thcir naturc, survived on thc 
duck’s feet, in damp air, from twelvc to twenty hours; and 
in this length of time a duck or heron might fly at lcast six 
or seven hundred miles, and if blown across the sea to an 
oceanic island, or to any othcr distant point, would bc sure 
to alight on a pool or rivulet. Sir Charlcs LycII informs me 
that a Dytiscus has becn caught with an Ancylus (a frcsh- 
water shell likc a limpet) firmly adhering to it; and a water- 
beetle of the samc faniily, a Colymbctes, once flew on board 
the ‘Beagle,’ whcn forty-five milcs distant from the nearcst 
land: how much farthcr it might havc bccn blown by a 
favouring gale no one can tcll. 

With respect to plants, it has long bccn known what cnor- 
mous ranges many frcsh-watcr, and cvcn marsh spccies, 
have, both over continents and to thc most rcmote occanic 
islands. This is strikingly illustratcd, accordiug to Alph. dc 
CandoIIc, in thosc largc groiips of tcrrcstrial plants, which 
have very few aquatic mcmbers; for thc latter sccm immcdi- 
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ately to acquire, as if in consequence, a wide range. I think 
favourable means of dispersal explain this fact. I have be- 
fore mentioned that earth occasionally adheres in some quan- 
tity to the feet and beaks of birds. Wading birds, which 
frequent the muddy edges of ponds, if suddenly flushed, 
would be the most likely to have muddy feet. Birds of this 
order wander more than those of any other; and they are 
occasionally found on the most remote and barren islands 
of the open ocean; they would not be likely to alight on the 
surface of the sea, so that any dirt on their feet would not be 
washed off; and when gaining the land, they would be sure to 
fly to their natural fresh-water haunts. I do not believe that 
botanists are aware how charged the mud of ponds is with 
seeds; I have tried several little experiments, but will here 
give only the most striking case: I took in February three 
table-spoonfuls of mud from three difìferent points, beneath 
water, on the edge of a little pond: this mud when dried 
weighed only 6^ ounces; I kept it covered up in my study 
for six months, pulling up and counting each plant as it 
grew; the plants were of many kinds, and were altogether 
537 in number; and yet the viscid mud was all contained in 
a breakfast cup ! Considering these facts, I think it would 
be an inexplicable circumstance if water-birds did not trans- 
port the seeds of fresh-water plants to unstocked ponds and 
streams, situated at very distant points. The same agency 
may have come into play with the eggs of some of the 
smaller fresh-water animals. 

Other and unknown agencies probably have also played a 
part. I have stated that fresh-water fish eat some kinds of 
seeds, though they reject many other kinds after having 
swallowed them; even small fish swallow seeds of moderate 
sìze, as of the yellow water-lily and Potamogeton. Herons 
and other birds, century after century, have gone on daily 
devouring fish; they then take flight and go to other waters, 
or are blown across the sea; and we have seen that seeds 
retain their power of germination, when rejected many hours 
afterwards in pellets or in the excrement. When I saw the 
great size of the seeds of that fine water-lily, the Nelumbium, 
and remembered Alph. de Candolle’s remarks on the distribu- 
tion of this plant, I though that the means of its dispersal 




INHABITAXTS OF OCEANIC ISLANDS 


431 


must remain inexplicable; but Audubon states that he found 
the seeds of the great southern water-lily (probably, accord- 
ing to Dr. Hooker, the Ncliimbium liiteum) in a heron’s 
stomach. Now this bird miist often have flown with its 
stomach thus well stocked to distant ponds, and then getting 
a hearty meal of fish, analogy makes me believe that it 
would have rejected the seeds in a pcllet in a fit state for 
germlnation. 

In considering these several means of distribution, it should 
be remembered that when a pond or stream is first formed, 
for instance, on a rising islet, it will be unoccupied; and a 
single seed or egg will have a good chance of succeeding. 
Although there will always be a struggle for life between 
the inhabitants of the same pond, however few in kind, yet 
as the number even in a well-stocked pond is small in com- 
parison with the number of species inhabiting an equal area 
of land, the competition between them will probably be less 
sevcre than between terreslrial species; consequently an in- 
truder from the waters of a foreign country would have a 
better chance of seizing on a new place, than in the case 
of terrestrial colonists. We should also remember that many 
fresh-water productions are low in the scale of natiire, and 
we have reason to believe that such beings become modified 
more slowly than the hlgh; and this will give time for the 
migration of aquatic species. We should not forget thc 
probability of many fresh-water forms having formerly 
ranged continuously over immense areas, and then having 
become extinct at intermediate points. But the wide distri- 
bution of fresh-water plants and of the lower animals, 
whether retaining the same identical form or In somc degree 
modified, apparently depends in main part on the wide dis- 
persal of their seeds and eggs by animals, more especially by 
fresh-water birds, which have great powers of flight, and 
naturally travel from one piece of water to another. 

ON TIIE INHABITANTS OF OCEANIC ISLANDS 

We now come to the last of thc three classes of facts, 
which I have selected as prescnting thc greatest amount of 
difficulty with rcspcct lo distribution, oii the view that not 
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only all the individuals of the same species have migrated 
from some one area, but that allied species, although now 
inhabiting the most distant points, have proceeded from a 
single area,—the birthplace of their early progenitors. I 
have already given my reason for disbelieving in continental 
extensions within the period of existing species, on so enor- 
mous a scale that all the many islands of the several oceans 
were thus stocked with their present terrestrial inhabitantg. 
This view removes many difficulties, but it does not accord 
with all the facts in regard to the productions of islands. In 
the following remarks I shall not confine myself to the mere 
question of dispersal, but shall consider some other cases 
bearing on the truth of the two theories of independent crea- 
tion and of descent with modification. 

The species of all kinds which inhabit oceanic islands are 
few in number compared with those on equal continental 
areas: Alph. de CandoIIe admits this for plants, and Wollas- 
ton for insects. New Zealand, for instance, with its lofty 
mountains and diversified stations, extending over 780 miles 
of latitude, together with the outlying islands of Auckland, 
Campbell and Chatham, contain altogether only 960 kinds of 
flowering plants; if we compare this moderate number with 
the species which swarm over equal areas in South-Western 
Australia or at the Cape of Good Hope, we must admit that 
some cause, independently of different physical conditions, 
has given rise to so great a difference in number. Even the 
uniform county of Cambridge has 847 plants, and the little 
island of Anglesea 764, but a few ferns and a few intro- 
duced plants are included in these numbers, and the compari- 
son in some other respects is not quite fair. We have 
evidence that the barren island of Ascension aboriginally 
possessed less than half-a-dozen flowering plants; yet many 
species have now become naturalised on it, as they have in 
New Zealand and on every other oceanic island which can 
be named. 

In St. Helena there is reason to believe that the natu- 
ralised plants and animals have nearly or quite extermi- 
nated many native productions. He who admits the doctrine 
of the creation of each separate species, will have to admit 
that a sufficient number of the best adapted plants and ani- 
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mals were not createcl for oceanìc islands; for man has iinin- 
tentionally stocked tlicm far morc fully and perfectly than 
did nature. 

Although in oceanic islands thc species are few in number, 
the proportion of cndemic kinds {i.c. those found nowhere 
else in the world) is often extreniely large. If we compare, 
for instance, thc nuinber of endeniic land-shells in Madeira, 
or of endemic birds in the Galapagos Archipclago, with the 
number found on any continent, and then coinpare the arca 
of the island with that of the continent, wc shall see that this 
is true. This fact might have bcen theorcticaily cxpected, 
for, as already cxplained, sp'ecies occasionally arriving after 
long intervals of time in the new and isolatcd district, and 
having to compete with ncw associates, would l)e eminently 
liable to modifìcation, and would often producc groups of 
modified dcscendants. But it by no means follows that, be- 
cause in an island nearly all the specics of one class are 
peculiar, those of anothcr class, or of another section of the 
same class, are peculiar; and this differcncc scems to depend 
partly on the species which arc not modificd having immi- 
grated in a body, so that their nuitual rclations have not 
been much disturbcd; and partly on thc frcqucnt arrival of 
unmodified immigrants froni the mother-country, with which 
the insular forms havc intcrcrossed. It should bc bornc in 
mind that the offspring of such crosscs would certainly gain 
in vigour ; so tliat cven an occasional cross would produce 
more cffect than might havc been anticipated. I will givc a 
few illustrations of thc forcgoing rcmarks: in the Galapagos 
Islands there are 26 land-birds; of these 21 for pcrhaps 23) 
are peculiar, whcreas of thc ii marine birds only 2 are 
pcculiar; and it is obvious that marine hirds could arrive at 
these islands much more easily and frcquently than land- 
birds, Bermuda, on thc other hand, which lies at about the 
same distance from North Amerìca as the Galapagos Islands 
do from South Ainerica, and which has a very pcculiar soil, 
does not posscss a single cndemic land-bird; and wc know 
from Mr. J. M. Joncs’ admirablc account of Bcrmuda, that 
very inany X'orth Amcrican birds occasionally or cven frc- 
quently visit this island. Almost every year, as T am In- 
formed by Mr, E. V. ITarcourt, inany European and African 
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birds are blown to Madeira; this island is inhabited by ggf 
kinds, of which one alone is peculiar, though very closely 
related to a European form; and three or four other species 
are confined to this island and to the Canaries. So that the 
Islands of Bermuda and Madeira have been stocked from 
the neighbouring continents with birds, which for long ages 
have there struggled together, and have become mutually 
co-adapted. Hence when settled in their new homes, each 
kind will have been kept by the others to its proper place 
and habits, and will consequently have been but little liable 
to modification. Any tendency to modification will also have 
been checked by intercrossing with the unmodified immi- 
grants, often arriving from the mother-country. Madeira 
again is inhabited by a wonderful number of peculiar land- 
shells, whereas not one species of sea-shell is peculiar to its 
shores; now, though we do not know how sea-shells are dis- 
persed, yet we can see that their eggs or larvse, perhaps at- 
tached to seaweed or floating timber, or to the feet of wading- 
birds, might be transported across three or four hundred 
miles of open sea far more easily than land-shells. The dif- 
ferent orders of insects inhabiting Afadeira present nearly 
parallel cases. 

Oceanic islands are sometimes deficient in animals of cer- 
tain whole classes, and their places are occupied by other 
classes; thus in the Galapagos Islands reptiles, and in New 
Zealand gigantic wingless birds, take, or recently took, the 
place of mammals. Although New Zealand is here spoken 
of as an oceanic island, it is in some degree doubtful whether 
it should be so ranked; it is of large size, and is not sep- 
arated froin Australia by a profoundly deep sea; from its 
geological character and the direction of its mountain-ranges, 
the Rev. W. B. Clarke has lately maintained that this island, 
as well as New Caledonia, should be considered as appur- 
tenances of Australia. Turning to plants, Dr. Hooker has 
shown that in the Galapagos Islands the proportional num- 
bers of the different orders are very different from what they 
are elsewhere. All such difìferences in number, and the ab- 
sence of certain whole groups of animals and plants, are gen- 
crally accounted for by supposed differences in the physical 
conditions of the islands; but this explanation is not a little 
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doubtful. Facility of immigration seems to have bccn fully 
as important as the nature of the conditions. 

Many remarkable little facts could be givcn with rcspcct 
to the inhabitants of oceanic islands. For instancc, in ccr- 
tain islands not tenanted by a singlc mammal, somc of the 
endcmic plants have beautifully hookcd secds; yet few rela- 
tions are more manifest than that hooks servc for thc trans- 
portal of secds in the wool or fur of quadrupcds. But a 
hooked seed might be carricd to an island by othcr mcans; 
and the plant then becoming niodified would form an cndemic 
species, still retaining its hooks, which would form a useless 
appendage like the shrivcllcd wings imder the soldered wing- 
covers of many insular bcetles. Again, islands often possess 
trees or bushes belonging to orders which elscwhcrc includc 
only herbaceous specics; now trecs, as Alph. de Candollc 
has shown, generaily havc, whatevcr the cause may be, con- 
fined ranges. Hence trecs would be little likely to rcach dis- 
tant oceanic islands; and an herbaceous plant, which had no 
chance of successfully compcting with thc many fully deveF 
oped trees growing on a continent, might, when establishcd 
on an island, gain an advantage over other herbaccous plants 
by growing taller and tallcr and ovcrtopping thcm. In this 
case, natural selection would tend to add to thc staturc of the 
plant, to whatevcr order it belongcd, and thus first convert 
it into a bush and then into a tree. 

ABSENCE OF BATRACHIANS AND TERRESTRIAL MAMMALS ON 
OCEANIC ISLANDS. 

With respect to the abscnce of whole ordcrs of animals on 
oceanic islands, Bory St. Vincent long ago rcmarkcd that 
Batrachians (frogs, toads, ncwts) are nevcr foiind on any of 
the many islands with which thc grcat oceans are studded. 
I have taken pains to verify this asscrtion, aiul havc found 
it true, with thc exception of Ncw Zcaland, Xcw Calcdonia, 
the Andaman Islands, and pcrhaps thc Salonion Islands and 
the Seychelles. But I have alrcady rcmarkcd that it is 
doubtful whethcr New Zcaland aiul Ncw Calcdonia ought to 
be classed as occanic islands; and tliis is slill morc doubtful 
with respcct to the Andaman and Salomon groups and thc 






436 


ORIGIN OF SPECIES 


Seychelles. This general absence of frogs, toads, and newts 
on so many true oceanic islands cannot be accounted for by 
their physical conditions: indeed it seems that islands are 
peculiarly fitted for these animals; for frogs have been intro- 
duced into Madeira, the Azores, and Mauritius, and have 
multiplied so as to become a nuisance. But as these animals 
and their spawn are immediately killed (with the exception, 
as far as known, of one Indian species) by sea-water, there 
would be great difficulty in their transportal across the sea, 
and therefore we can see why they do not exist on strictly 
oceanic islands. But why, on the theory of creation, they 
should not have been created there, it would be very difficult 
to explain. 

Mammals offer another and similar case. I have carefully 
searched the oldest voyages, and have not found a single 
instance, free from doubt, of a terrestrial mammal (excluding 
domesticated animals kept by the natives) inhabiting an island 
situated above 300 miles from a continent or great continental 
island; and many islands situated at a much less distance are 
equally barren. The Falkland Islands, which are inhabited 
by a wolf-like fox, come nearest to an exception; but this 
group cannot be considered as oceanic, as it lies on a bank 
in connection with the mainland at the distance of about 280 
miles; moreover, icebergs formerly brought boulders to its 
western shores, and they may have formerly transported 
foxes, as now frequently happens in the arctic regions. Yet 
it cannot be said that small islands will not support at least 
small mammals, for they occur in many parts of the world 
on very small islands, when lying close to a continent; and 
hardly an island can be named on which our smaller quadru- 
peds have not become naturalised and greatly multiplied. It 
cannot be said, on the ordinary view of creation, that there 
has not been time for the creation of mammals; many vol- 
canic islands are sufficiently ancient, as shown by the stu- 
pendous degradation which they have suffered, and by their 
tertiary strata: there has also been time for the production 
of endemic species belonging to other classes; and on conti- 
nents it is known that new species of mammals appear and 
disappear at a quicker rate than other and lower animals. 
Although terrestrial mammals do not occur on oceanic 
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islands, aerial nianimals do occur on almost every Ìsland. 
New Zealand possesses two bats found nowhcrc else in the 
world: Norfolk Island, the \^iti Archipclago, thc Bonin 
Islands, the Caroline and Marianne Archipelagoes, and Maii- 
ritius, all possess their pecnliar bats. W'hy, it inay be asked, 
has the supposed crcative force produced bats and no other 
mammals on remote islands.^ On rny view this qucstion can 
easily be answ’ered ; for no terrestrial maminal can be trans- 
ported across a wide space of sca, but bats can fly across. 
Bats have been secn wandering by day far ovcr the Atlantic 
Ocean; and two North Aincrican specics eithcr regularly or 
occasionally visit Bcrmiida, at the distance of 600 miles froin 
the mainlancl. I hear from 'Mr. Tonies, who has specially 
studied this family, that many species have enormous ranges, 
and are found on continents and c n far distant islands. 
Hence we have only to suppose that such wandering species 
have been modified in their ncw homcs in rclation to their 
new position, and we can unclcrstand the presence of endemic 
bats on oceanic islands, ^vith the absence of all other terres- 
trial mammals. 

Another interesting relation exists, namely between the 
depth of the sea separating islands froni each othcr or from 
the nearest continent, and the degree of affinity of their mam- 
malian inhabitants. Mr. Windsor Earl has made some strik- 
ing observations on this head, since greatly extended by Mr. 
Wallace’s admirable rcsearches, in regarci to the great Malay 
Archipelago, which is traversed ncar Celelx^s by a space of 
deep ocean, and this separates two widely distinct mam- 
malian faunas. On either sidc thc islands stand on a mod- 
erately shallow suhmarine bank, and thesc islands arc inhab- 
ited by the same or by closely allied quadrupeds. I havc not 
as yet had time to foIlo\v up this subjccl in all quartcrs of 
the world; but as far as I have gone, thc rclation holds good. 
For instance, Britain is separatcd by a shallow channcl from 
Europe, and the mammals are thc same 011 both sidcs; and so 
it is with all the islands near thc shorcs of i\ustralia. Thc 
West Indian Islands, on thc other hand, stand 011 a dceply 
submergcd bank, nearly 1000 fathoms in dopth. and hcre we 
find American forms, but thc specics and cvon thc gcncra are 
quite distinct. As the amount of modification which animals 
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of all kinds undergo partly depends on the lapse of time, and 
as the islands which are separated from each other or from 
the mainland by shallow channels, are more likely to have 
been continuously united within a recent period than the 
islands separated by deeper channels, we can understand how 
it is that a relation exists between the depth of the sea sep- 
arating two mammalian faunas, and the degree of their 
affìnity,—a relation which is quite inexplicable on the theory 
of independent acts of creation. 

The foregoing statements in regard to the inhabitants of 
oceanic islands,—namely, the fewmess of the species, with a 
large proportion consisting of endemic forms—the members 
of certain groups, but not those of other groups in the same 
class, having been modified—^the absence of certain whole 
orders, as of batrachians and of terrestrial mammals, not- 
withstanding the presence of aerial bats,—the singular pro- 
portions of certain orders of plants,—herbaceous forms 
having been developed into trees, &c.,—seem to me to accord 
better with the belief in the efficiency of occasional means of 
transport, carried on during a long course of time, than with 
the belief in the former connection of all oceanic islands with 
the nearest continent; for on this latter view it is probable 
that the various classes would have immigrated more uni- 
formly, and from the species having entered in a body their 
mutual relations would not have been much disturbed, and 
consequently they would either have not been modified, or all 
the species in a more equable manner. 

I do not deny that there are many and serious difficulties 
in understanding how many of the inhabitants of the more 
remote islands, whether still retaining the same specific form 
or subsequently modified, have reached their present homes. 
But the probability of other islands having once existed as 
halting-places, of which not a wreck now remains, must not 
be overlooked. I will specify one difficult case. Almost all 
oceanic islands, even the most isolated and smallest, are in- 
habited by land-shells, generally by endemic species, but 
sometimes by species found elsewffiere,—striking instances of 
which have been given by Dr. A. A. Gould in relation to the 
Pacific. Now it is notorious that land-shells are easily killed 
by sea-water; their eggs, at least such as I have tried, sink in 
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it and are killed. Yet there miist be some iinknown, but 
occasionally efficicnt means for their transportal. Would thc 
just'hatched young sometimes adhere to the feet of birds 
roosting on the ground, and thus get transported? It oc- 
curred to me that land-shells, when hybernating and having a 
membranous diaphragm over the mouth of the shell, might 
be floated in chinks of drifted timber across moderately widc 
arms of the sea. And I find that several species in this state 
withstand uninjured an immersion in sea-water during seven 
days: one shell, the Helix pomatia, after having been thus 
treated and again hybernating was put into sea-water for 
twenty days, and perfectly recovered. During this length of 
time the shell might have been carried by a marine current 
of average swiftness, to a distance of 660 geographical miles. 
As this Helix has a thick calcareous operculum, T removed 
it, and when it had formed a new membranous one, I again 
immersed it for fourteen days in sea-water, and again it 
recovered and crawled away. Baron Aucapitaine has since 
tried similar experiments; he placed 100 land-shells, belong- 
ing to ten species, in a box pierced with holes, and immersed 
it for a fortnight in the sea. Out of the hundred sliells, 
twenty-seven recovered. The presence of an operculum 
seems to have been of importance, as out of twelve specimens 
of Cyclostoma elegans, which is thus furnished, eleven re- 
vived. It is remarkable, seeing how well the Idelix pomatia 
resisted with me thc salt-water, that not one of fifty-four 
specimens bclonging to four othcr species of Helix tricd by 
Aiicapitaine, recovered. It is, however, not at all probablc 
that land-shells have often been thus transported; the fect 
of birds offer a more probablc method. 

ON THE RELATIONS OF THE INHARITANTS OF ISLANDS TO 
THOSE OF THE NEAREST MAINL.VND 

The most striking and important fact for us is the affinity 
of the species which inhabit islands to thosc of the ncarcst 
mainland, without bcing actually the same. Xumerous in- 
stances could be given. The Galapagos Archipelago, situ- 
ated under the cquator, lies at the distancc of bctween 500 
and 600 iniles from thc shores of South Amcrica. Hcre 
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almost every product of the land and of the water bears the 
unmistakeable stamp of the American continent. There are 
twenty-six land-birds; of these, twenty-one, or perhaps 
twenty-three, are ranked as distinct species, and would com- 
monly be assumed to have been here created: yet the close 
affinity of most of these birds to American species is mani- 
fest in every character, in their habits, gestures, and tones 
of voice. So it is with the other animals, and with a large 
proportion of the plants, as shown by Dr. Hooker in his 
admirable Flora of this archipelago. The naturalist, looking 
at the inhabitants of these volcanic islands in the Pacific, 
distant several hundred miles from the continent, feels that 
he is standing on American land. Why should this be so? 
why should the species which are supposed to have been 
created in the Galapagos Archipelago, and nowhere else, 
bear so plainly the stamp of affinity to those created in 
America? There is nothing in the conditions of life, in the 
geological nature o£ the islands, in their height or climate, 
or in the proportions in which the several classes are asso- 
ciated together, which closely resembles the conditions of 
the South American coast: in fact, there is a considerable 
dissimilarity in all ihese respects. On the other hand, there 
is a considerable degree of resemblance in the volcanic na- 
ture of the soil, in the climate, height and size of the islands, 
between the Galapagos and Cape Verde Archipelagoes: but 
what an entire and absolute difference in their inhabitants! 
The inhabitants of the Cape Verde Islands are related to 
those of Africa, like those of the Galapagos to America. 
Facts such as these, admit of no sort of explanation on the 
ordinary view of independent creation: whereas on the view 
here maintained, it is obvious that the Galapagos Islands 
would be likely to receive colonists from America, whether 
by occasional means of transport or (though I do not believe 
in this doctrìne) by formerly continuous land, and the Cape 
Verde Islands from Africa; such colonists would be liable to 
modification,—the principle of inheritance still betraying 
their original birthplace. 

Many analogous facts could be given: ìndeed it is an al- 
most universal rule that the endemic productions of islands i 
are related to those of the nearest continent, or of the near-' 
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est large island. Tlie exceptions are few, and most of them 
can be explained. Thus although Kergiielen Land slands 
nearer to Africa than to America, the plants are rclated, and 
that very closely, as we know from Dr. Ilooker’s account, 
to those of America: but on the vìew that this island has 
been mainly stocked by seeds broughl with earth and stones 
on icebergs, drifted by the prevailing currents, this anomaly 
disappears. New Zealand in its endemic planos is much 
more closely related to Australia, the nearcst mainland, than 
to any other region : and this is what might have been cx- 
pected; but it is also plainly related to Soiith America, which, 
although the next nearest continent, is so enormously remote, 
that the fact becomes an anomaly. But this difficulty par- 
tially disappears on the view that New Zealand. South 
America, and the other southern lands have been stocked in 
part from a nearly intermediate though distant point, namcly 
from the antarctic islands, when they were clothed with vcge- 
tation, during a warmer tertiary period, before the com- 
mencement of the last Glacial period. The affinity, which 
though feeble, I am assured by Dr. Hooker is real, between 
the flora of the south-western corner of Australia and of the 
Cape of Good Hope, is a far more remarkable case: but this 
affinity is confined to the plants, and will, no doubt, some day 
be explained. 

The same law which has determined the relationship be- 
tween the inhabitants of islands and the nearest maìnland, is 
sometimes displayed on a small scale, but in a most interest- 
ing manner, within the limits of the same archipelago. Thus 
each separate island of the Galapagos Archipelago is ten- 
anted, and the fact is a marvellous one, by many distinct 
species; but these species are related to each other in a vcry 
much closer manner than to the inhabitants of the American 
continent, or of any other quartcr of the world. This is 
what might have becn expected, for islands sitiiatcd so near 
to each other would almost necessarily rcccivc immigrants 
from the same original source. and from each othcr. Hut 
how is it that many of the immigrants have hccn difrercntly 
modified, though only in a small degrce, ìn islands sitiiatcd 
within sight of cach other, having the same geological na- 
ture, the same height, climate, &c. ? This long ap|K'arcd to 
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me a great difficulty: but it arìses in chief part from the 
deeply-seated error of considering the physical conditions of 
a country as the most important: whereas it cannot be dis- 
puted that the nature of the other species with which each 
has to compete, is at least a5 important, and generally a far 
more important element of success. Now if we look to the 
species which inhabit the Galapagos Archipelago, and are 
likewise found in other parts of the world, we find that they 
dififer considerably in the several islands. This difference 
might indeed have been expected if the islands have been 
stocked by occasional means of transport—a seed, for in- 
stance, of one plant having been brought to one island, and 
that of another plant to another island, though all proceeding 
from the same general source. Hence, when in former times 
an immigrant first settled on one of the islands, or when it 
subsequently spread from one to another, it would undoubt- 
edly be exposed to different conditions in the different islands, 
for it would have to compete with a different set of organ- 
isms; a plant, for instance, would find the ground best fitted 
for it occupied by somewhat different species in the different 
islands, and would be exposed to the attacks of somewhat 
different enemies. If then it varied, natural selection would 
probably favour different varieties in the different islands. 
Some species, however, might spread and yet retain the same 
character throughout the group, just as we see some species 
spreading widely throughout a continent and remaining the 
same. 

The really surprising fact in this case of the Galapagos 
Archipelago, and in a lesser degree in some analogous cases, 
is that each new species after being formed in any one island, 
did not spread quickly to the other islands. But the islands, 
though in sight of each other, are separated by deep arms of 
the sea, in most cases wider than the British Channel, and 
there is no reason to suppose that they have at any former 
period been continuously united. The currents of the sea are 
rapid and sweep between the islands, and gales of wind are 
extraordinarily rare; so that the islands are far more effect- 
ually separated from each other than they appear on a map. 
Nevertheless some of the species, both of those found in other 
parts of the world and of those confined to the archipelago. 
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are common to the several islands; and \ve may infer froni 
thcir present nianner of distribution, that they have spread 
from one island to the others. But \ve often take, I think, an 
erroneous view of the probability of closely-allied species in- 
vading each other’s territory, when put into free intercom- 
munication. Undoubtcdly, if onc specics has any advantage 
over another, it will in a very brief time wholly or in part 
supplant it; but if both are equally well fitted for their own 
places, both will prob'’bIy hold their separate places for al- 
most any length of ^ime. Being familiar with the fact thal 
many species, naturalised through man’s agency, have 
spread with astonishing rapidity over wide areas, we are apt 
to infer that most species would thus spread; but we should 
remember that the species which become naturalised in new 
countries are not generally closely allicd to the aboriginal 
inhabitants, but are very distinct forms, belonging in a large 
proportion of cases, as shown by Alph. de CandoIIe, to dis- 
tinct genera. In the Galapagos Archipelago, many even of 
the birds, though so well adapted for fiying from island to 
island, differ on the different islands; thus there are three 
closely-allied species of mocking-thrush, each confìned to its 
own island. Now let us suppose the mocking-thrush of Chat- 
ham Island to be blown to Charles Island, which has its own 
mocking-thrush; why should it succeed in establishing itself 
there? We may safely infcr that Charles Island is well 
stocked with its own species, for annually more eggs are laid 
and young birds hatched, than can possibly be reared; and 
we may infer that the inocking-thrush peculiar to Charles 
Island is at least as well fitted for its home as is the species 
peculiar to Chatham Island. Sir C. Lyell and Mr. WoIIaston 
have communicated to me a remarkable fact bearing on this 
subject; namely, that Madeira and the adjoining islet of 
Porto Santo possess inany distinct but representative spccies 
of land-shells, some of which live in creviccs of stone; and 
although large quantities of stone are annually transported 
from Porto Santo to Madeira, yct this latter island has not 
become colonised by the Porto Santo species; nevertheless 
both islands havc becn coloniscd by European land-shells, 
which no doubt had sonie advantage ovcr the indigenous spe- 
cies. From these considerations I think we need not greatly 
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marvel at the endemìc species v^hich inhabìt the several 
islands of the Galapagos Archipelago, not having all spread 
from island to island. On the same continent, also, preoccu- 
pation has probably played an important part in checking 
the commingling of the species ’which inhabit different dis- 
tricts with nearly the same physical conditions. Thus, the 
south-east and south-west corners of Australia have nearly 
the same physical conditìons and are united by continuous 
land, yet they are inhabited by a vast number of distinct 
mammals, birds, and plants; so it is, according to Mr. Bates, 
with the butterflies and other animals inhabiting the great, 
open, and continuous valley of the Amazons. 

The same principle which governs the general character of 
the inhabitants of oceanic islands, namely, the relation to the 
source whence colonists could have been most easily derived, 
together with their subsequent modification, is of the widest 
application throughout nature. We see this on every moun- 
tain-summit, in every lake and marsh. For Alpine species, 
excepting in as far as the same species have become widely 
spread during the Glacial epoch, are related to those of the 
surrounding lowlands; thus we have in South America, Al- 
pine hiimming-birds, Alpine rodents, Alpine plants, &c., all 
strictly belongìng to American forms; and it is obvious that 
a mountain, as it became slowly upheaved, would be colonised 
from the surrounding lowlands. So it is with the inhabitants 
of lakes and marshes, excepting in so far as great facility of 
transport has allowed the same forms to prevail throughout 
large portions of the world. We see this same principle in 
the character of most of the blind animals inhabiting the 
caves of America and of Europe. Other analogous facts 
could be given. It will, I believe, be found universally true, 
that wherever in two regions, let them be ever so distant, 
many closely allied or representative species occur, there will 
likewise be found some identical species; and wherever many 
closely-allied species occur, there wìll be found many forms 
which some naturalists rank as distinct species, and others as 
mere varieties; these doubtful forms showing us the steps in 
the progress of modification. 

The relation between the power and extent of migration in 
certain species, either at the present or at some former pe- 
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riod, and the existence at reinote points of the world of 
closely-allied species, is shown in another and niorc gcncral 
way. Mr. Gould reinarked to me long ago, that in those 
genera of birds which range over the world, many of thc 
species havc very wide ranges. I cau hardly doiibt that tliis 
rule is generally true, though difficult of proof. Amongst 
mammals, we see it strikingly displaycd in Bats, and in a 
lesser degree in the Felidre and Canidre. We see the saine 
rule in the distribution of butterflies and bectlcs. So it is 
with most of the inhabitants of fresh water, for many of the 
genera in the most distinct classes rangc over the world, and 
many of the species have enormous ranges. It is not meant 
that all, but that soine of the specics have very wide ranges 
in the genera which range vcry widcly. Nor is it meant that 
the species in such genera have on an average a very wide 
range; for this will largely dcpend on how far thc process 
of modification has gone; for instance, two varietics of thc 
same species inhabit America and Europe, and thus the spe- 
cies has ati immense range; but, if variation were to be car- 
ried a little further, the two varieties would be ranked as 
distinct species, and their rangc would be greatly rcduced. 
StiII less is it meant, that species which have the capacity of 
crossing barriers and ranging widely, as in tlie case of cer- 
tain powerfully-winged birds, will nccessarily range widely: 
for we should never forget that to rangc widely implics not 
only the power of crossing barriers, but thc more importaiit 
power of being victorious in distant lands in the struggle for 
life with foreign associates. But according to tlie vicw that 
all the species of a genus, though distributed to the most 
remote points of the world, are descended from a single pro- 
genitor, we ought to find, and I bclieve as a general rulc we 
do find, that some at least of thc specics range very widely. 

We should bear in mind that niany gcnera in all classes are 
of ancient origin, and the spccies in this case will Iiavc had 
ample time for dispcrsal and subscquent modification. There 
is also reason to belicvc from geological cvidcncc tliat witliiii 
cach grcat class the lower organisms change at a slowcr ratc 
than the higher: consequcntly tlicy will have had a I)eltcr 
chance of ranging widely and of still retaiiiing tlic .same spc- 
cific character. Tliis fact, togctlier witli that of thc sccds 
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and eggs of most lowly organised forms being very minute 
and better fitted for distant transportal, probably accounts for 
a law wliich has long been observed, and which has lately 
been discussed by Alph. de Candolle in regard to plants, 
namely, that the lower any group of organisms stands the 
more widely it ranges. 

The relations just discussed,—namely, lower organìsms 
ranging more widely than the higher,—some of the species of 
widely-ranging genera themselves ranging widely,—such 
facts, as alpine, lacustrine, and marsh productions being gen- 
erally related to those which live on the surrounding low 
lands and dry lands, —the striking relationship between the 
inhabitants of islands and those of the nearest mainland— 
the still closer relationship of the distinct inhabitants of the 
islands in the same archipelago—are inexplicable on the ordi- 
nary view of the independent creation of each species, but 
are explicable if we admit colonisation from the nearest or 
readiest source, together with the subsequent adaptation of 
the colonists to their new homes. 

SUMMARY OF THE LAST AND PRESENT CHAPTERS 

In these chapters I have endeavoured to show, that if we 
make due allowance for our ignorance of the full effects of 
changes of climate and of the level of the land, which have 
certainly occurred within the recent period, and of other 
changes which have probably occurred,—if we remember 
how ignorant we are with respect to the many curious means 
of occasional transport, —if we bear in mind, and this is a 
very important consideration, how often a species may have 
ranged continuously over a wide area, and then have become 
extinct in the intermediate tracts,—the difficulty is not insu- 
perable in believing that all the individuals of the same 
species, wherever found, are descended from common par- 
ents. And we are led to this conclusion, which has been ar- 
rivedatby many naturalistsunderthe designationof single cen- 
tres of creation, by various general considerations, more espe- 
cially from the importance of barriers of all kinds, and from 
the analogical distribution of sub-genera, genera, and families. 

With respect to distinct species belonging to the same 
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genus, which on our theory have spread from one parent- 
source; if we make the same allowances as before for our 
ignorance, and reniember that some forms of life have 
changed very slowly, enormous periods of time having bcen 
thus granted for their migration, the difficulties are far from 
insuperable; though in this case, as in that of the individuals 
of the same species, they are often great. 

As exemplifying the effects of climatal changes on distribu- 
tion, I have attempted to show how important a part the last 
Glacial period has played, which affected even the equa- 
torial regions, and which, during the alternations of the cold 
in the north and south, allowed the productions of opposite 
hemispheres to mingle, and left some of them stranded on the 
mountain-summits in all parts of the world. As showing how 
diversified are the means of occasional transport, I have dis- 
cussed at some little length the means of dispersal of fresh- 
water productions. 

If the difficulties be not insuperable in admitting that in the 
long course of time all the individuals of the same species, 
and likewise of the several species belonging to the same 
genus, have proceeded from some one source; then all the 
grand leading facts of geographical distribution are explic- 
able on the theory of migration, together with subsequent 
modification and the multiplication of new forms. We can 
thus understand the high importance of barriers, whether 
of land or water, in not only separating, but in apparently 
forming the several zoological and botanical provinces. We 
can thus understand the concentration of related species within 
the same areas; and how it is that under difìferent latitudes, 
for instance in South America, the inhabitants of the plains 
and mountains, of the forests, marshes, and deserts, are 
linked together in so mysterious a manner, and are likewise 
linked to the extinct beings which formerly inhabited the 
same continent. Bearing in mind that the mutual relation 
of organism to organism is of the highest importance, we can 
see why two areas having nearly the same physical condi- 
tions should often be inhabited by very diffierent forms of 
life; for according to the length of time which has elapsed 
since the colonists entercd one of the regions, or both; ac- 
cording to the nature of the communication which allowed 
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certain forms and not others to enter, eitlier in greater or 
lesser numbers; according or not, as those which entered 
happened to come into more or less direct competition with 
each other and with the aborigines: and according as the im- 
migrants were capable of varying more or less rapidly, there 
would ensue in the two or more regions, independently of 
their physical conditions, infinitely diversified conditions of 
life,—there would be an almost endless amount of organic 
action and reaction,—and we should find some groups of 
beings greatly, and some only slightly modified,—some de- 
veloped in great force, some existing in scanty numbers— 
and this we do find in the several great geographical prov- 
inces of the world. 

On these same principles we can understand, as I have 
endeavoured to show, why oceanic islands should have few 
inhabitants, but that of these, a large proportion should be 
endemic or peculiar; and why, in relation to the means of 
migration, one group of beings should have all its species pe- 
culiar, and another group, even within the same class, should 
have all its species the same with those in an adjoining 
quarter of the world. We can see why whole groups of or- 
ganisms, as batrachians and terrestrial mammals, should be 
absent from oceanic islands, whilst the most isolated islands 
should possess their own peculiar species of aèrial mammals 
or bats, We can see why, in islands, there should be some 
relation between the presence of mammals, in a more or less 
modified condition, and the depth of the sea between such 
islands and the mainland. We can clearly see why all the 
inhabitants of an archipelago, though specifically distinct on 
the several islets, should be closely related to each other; 
and should likewise be related, but less closely, to those of 
the nearest continent, or other source whence immigrants 
might have been derived. We can see why, if there exist 
very closely allied or representative species in two^ areas, 
however distant from each other, some identical species will 
almost always there be found. 

As the late Edward Forbes often insisted, there is a strik- 
ing parallelism in the laws of life throughout time and 
space ; the laws governing the succession of forms in past 
times being nearly the same with those governing at the 
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present time the difTerences in different areas. We see this 
in many facts. The endurance of cach species and group of 
species is continuous in time; for the apparent cxccptions to 
the rule are so few, that they may fairly be attributed to our 
not having as yet discovercd in an intermediatc deposit ccr- 
tain forms which are absent in it, but which occur both 
above and below: so in spacc, it certainly is the general rule 
that the area inhabited b} a single spccies, or by a group of 
species, is continuous, and the exceptions, which are not rare, 
may, as I have attempted to show, be accounted for by 
former migrations under differcnt circumstances, or through 
occasional means of transport, or by the species having be- 
come extinct in the intermediate tracts. Both in time and 
space species and groups of species have their points of maxi- 
mum development. Groups of spccies, Hving during the 
same period of time, or living within the same area, are often 
characterised by trifling featurcs in common, as of sculpture 
or colour. In looking to the long succession of past ages, as 
in looking to distant provinces throughout the world, we find 
that species in certain classes diffcr littlc from each other, 
whilst those in another class, or only in a difìferent section of 
the same order, differ greatly from each other. In both time 
and space the lowly organised menibers of each class gen- 
erally change less than the highly organised; but there are 
In both cases marked exceptions to the rule. According to 
our theory, these several relations throughout time and 
space are intelligible; for whether we look to the allied forms 
of life which have changed during successive ages, or to 
those which have changed after having migrated into distant 
quarters, in both cases they are connected by the same bond 
of ordinary gencration; in both cases the laws of variation 
have been the same, and modifications have been accumulated 
by the same means of natural selection. 
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CHAPTER XIV 

Mutual Affinities of Organic Beings: Morphology: 

Embryology: Rudimentary Organs 

Classifìcation, groups subordinate to groups — Natural system—Rules 
and difficulties in classification, explained on the theory of 
descent with modification—Classification of varieties —Descent 
always used in classìfication—Analogical or adaptive characters 
— Affinities, general, complex, and radiating—Extinction sepa- 
rates and defines groups— Morphology, between members of 
the same class, between parts of the same individual— 
Embryology, laws of, explained by variations not supervening 
at an early age, and being inherited at a corresponding age— 
Rudimentary organs ; their origin explained —Summary. 

CLASSIFICATION 

F ROM the most remote period in the history of the world 
organic beings have been found to resemble each other 
in descending degrees, so that they can be classed in 
groups under groups. This classifìcation is not arbitrary like 
the grouping of the stars in constellations. The existence o£ 
groups would have been of simple significance, if one group 
had been exclusively fitted to inhabit the land, and another 
the water ; one to feed on flesh, another on vegetable matter, 
and so on ; but the case is widely different, for it is notorious 
how commonly members of even the same sub-group have 
different habits. In the second and fourth chapters, on Vari- 
ation and on Natural Selection, I have attempted to show 
that within each country it is the widely ranging, the much 
diffused and common, that is the dominant species, belonging 
to the larger genera ìn each class, which vary most. The 
varieties, or incipient species, thus produced, ultimately be- 
come converted into new and distinct species; and these, on 
the principle of inheritance, tend to produce other new and 
dominant species. Consequently the groups which are now 
large, and which generally include many dominant species, 
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tencl to go on increasing in size. I further attcmpted to show 
that from the varying descendants of each species trying to 
occupy as many and as different places as possible in the 
economy of nature, they constantly tend to diverge in char- 
acter. This latter conclusion is supported by observing the 
great diversity of forms which, in any small area, come into 
the closest competition, and by ccrtain facts in nalural- 
isation. 

I attempted also to show that there is a steady tendency in 
the fonns which are increasing in number and diverging in 
character, to supplant and exterminate the preceding, Ìess 
divergent and less iinproved forms. I request the reader to 
turn to the diagram illiistrating the action, as formerly ex- 
plained, of these several principles; and he wìll see that the 
inevitable result is, that the modified descendants proceeding 
from one progenitor become broken up into groups subordi- 
nate to groups. In the diagram each letter on the uppermost 
line may represent a genus including several species; and the 
whole of the genera along this upper line form togcthcr one 
class, for all are descended froin one ancient parent, and, 
consequently, have inherited something in common. But thc 
three genera on the left hand have, on this same principlc, 
much in common, and form a sub-family, distinct from that 
contaìning the next two genera on the right hand, which 
diverged from a common parent at the fifth stage of desccnt. 
These five genera have also inuch in common, though less 
than when grouped in sub-families; and they form a family 
distinct from that containing the three genera still farther to 
the right hand, which diverged at an earlier period. And all 
these genera, dcscended from (A), form an ordcr distinct 
from the genera dcscendcd from (I). So that we here have 
many species descended from a singlc progenitor grouped 
ìnto genera ; and the genera into sub-families. families, and 
orders, all under onc great class. The grand fact of the 
natural subordination of organic beings in groiips undcr 
groups, which, from its familiarity, does not ahvays suffi- 
ciently strike us, is in my judgment thus explained, Xo 
doubt organic beings, like all other objects, can be classed in 
many ways, either artificially by single characters, or more 
naturally by a nuinber of charactcrs. \Vc know, for iiistance, 
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that mìnerals and the elemental substances can be thus ar- 
ranged. In this case there is of course no relation to gene- 
alogical succession, and no cause can at present be assigned 
for their falling into groups. But with organic beings the 
case is different, and the view above given accords with their 
natural arrangement in group under group; and no other 
explanation has ever been attempted. 

Naturalists, as we have seen, try to arrange the species, 
genera, and families in each class, on what is called the 
Natural System. But what is meant by this system? Somo 
authors look at it merely as a scheme for arranging together 
those living objects which are most alike, and for separating 
those which are most unlike; or as an artificial method of 
enuncìating, as briefly as possible, general propositions,— 
that is, by one sentence to give the characters common, foi7 
instance, to all mammals, by another those common to all 
carnivora, by another those common to the dog-genus, and 
then, by adding a single sentence, a full description is given 
of each kind of dog. The ingenuity and utility of this system 
are indisputable. But many naturalists think that something 
more is meant by the Natural System; they believe that it 
reveals the plan of the Creator; that unless it be specified 
whether order in time or space, or both, or what else is meant 
by the plan of the Creator, it seems to me that nothing is 
thus added to our knowledge. Expressions such as that fa- 
mous one by Linnaeus, which we often meet with in a more 
or less concealed form, namely, that the characters do not 
make the genus, but that the genus gives the characters, seem 
to imply that some deeper bond is included in our classifica- 
tions than mere resemblance. I believe that this is the case, 
and that community of descent—the one known cause of close 
similarity in organic beings—is the bond, which though ob- 
served by various degrees of modification, is partially re- 
vealed to us by our classifications. 

Let us now consider the rules followed in classification, 
and the difficulties which are encountered on the view that 
classification either gives some unknown plan of creation, or 
ìs simply a scheme for enunciating general propositions and 
of placing together the forms most like each other. It might 
have been thought (and was in ancient times thought) that 
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those parts of the structure which determined the habits of 
life, and the gcneral place of cach being in the cconoiny of 
nature, would be of vcry high importance in classification. 
Nothing can bc more falsc. No one rcgards tlic cxternal 
similarity of a monse to a shrew, of a dugong to a whalc, of 
a whale to a fish, as of any importancc. Thcsc rescmblanccs, 
though so intimately connccted with thc wholc lifc of the 
being, are ranked as mcrely “adaptive or analogical charac- 
tersbut to thc consideration of these reseinblances we 
shall recur. It may evcii bc given as a general riilc, that the 
less any part of the organisation is concerned with special 
habits, the more important it becomes for classification. As 
an instance: Owen, in speaking of thc dugong, says, “Tlic 
generative organs, being those which arc most remotely re- 
lated to the habits and food of an animal, I have always 
regarded as affording very clear indications of its true 
affinities. We are least likcly in the modifications of these 
organs to mistake a merely adaptive for an essential char- 
acter.” With plants how remarkable it is that thc organs 
of vegetation, on which their nutrition and lifc dcpcnd, are 
of little signification ; whercas the organs of rcproduction, 
with their product the seed and cmbryo, are of paramount 
importance! So again in formcrly discussing certain mor- 
phological characters which arc not functionally important, 
we have seen that they are often of the highest service in 
classification. This depends on thcir constancy throughout 
many allied groups; and thcir constancy chiefly depends on 
any slight deviations not having bccn prcscrved and accumu- 
lated by natural selection, which acts only on serviceable 
characters. 

That the niere physiological importancc of an organ does 
not determine its classificatory value, is almost proved by the 
fact, that in allicd groups, in which thc same organ, as we 
have every reason to suppose, has nearly the same physiolog- 
ical value, its classificatory valuc is widcly diffcrcnt. No 
naturalist can have workcd long at any group without being 
struck with this fact; and it has bccn fully acknowledged in 
the writings of almost every author. It will suffice to quote 
the highcst authority, Robcrt Brown, who, in spcakiiig of 
certain organs in the Protcacctc, says tlieir generic impor- 




454 


ORIGIN OF SPECIES 


tance, “like that of all their parts, not only in this, but, as I 
apprehend, in every natural family, is very unequal, and in 
some cases seems to be entirely lost.” Again, in another 
work he says, the genera of the Connaracese “differ in having 
one or more ovaria, in the existence or absence of albumen, 
in the imbricate or valvular sestivation. Any one of these 
characters singly is frequently of niore than generic impor- 
tance, though here even when all taken together they appear 
insufììcient to separate Cnestis from Connarus.” To give an 
example amongst insects: in one great division of the Hy- 
menoptera, the antennse, as Westwood has remarked, are 
most constant in structure; in another division they differ 
much, and the differences are of quite subordinate value in 
classification ; yet no one will say that the antennae in these 
two divisions of the same order are of unequal physiological 
importance. Any number of instances could be given of the 
varying importance for classification of the same important 
organ within the same group of beings. 

Again, no one will say that rudimentary or atrophied or- 
gans are of high physiological or vital importance; yet, un- 
doubtedly, organs in this condition are often of much value 
in classification. No one will dispute that the rudimentary 
teeth in the upper jaws of young ruminants, and certain 
rudimentary bones of the leg, are highly serviceable Ìn ex- 
hibiting the close affinity between ruminants and pachyderms. 
Robert Brown has strongly insisted on the fact that the posi- 
tion of the rudimentary fiorets is of the highest importance 
in the classification of the grasses. 

Numerous instances could be given of characters derived 
from parts which must be considered of very trifling physio- 
logical importance, but which are universally admitted as 
highly serviceable in the definition of whole groups. For in- 
stance, whether or not there is an open passage from the 
nostrils to the mouth, the only character, according to Owen, 
whìch absolutely distinguishes fishes and reptiles—the inflec- 
tìon of the angle of the lower jaw in Marsupials —the man- 
ner in whìch the wings of insects are folded — mere colour in 
certain Algas—mere pubescence on parts of the flower in 
grasses—the nature of the dermal covering, as hair or 
feathers, in the Vertebrata. If the Ornithorhynchus had 
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been covered witli feathcrò instead of hair, this cxternal and 
trifling character would havc been considcrecl by naturalists 
as an important aid in cletcrmining the degree of aflìnity of 
this strange creature to birds. 

The importance, for classification, of trifling characters, 
inainly depends on their bcing correlated with many other 
characters of more or less importance. Thc value indeed of 
an aggr^gate of characters is very evident in natural history 
Hence, as has often been remarked, a species may depart 
from its allies in several eharacters, both of high physiologi- 
cal importanee, and of almost universal prevalence, and yet 
leave us in no doubt where it should be ranked. Hence, also, 
it has been found that a classification founded on any single 
character, however important that niay be, has always failed; 
for no part of the organisation is invariably constant. The 
importance of an aggregat^ of characters, even when none 
are important, alone explains the aphorism enunciated by 
Linnseus, namely, that the charaeters do not give the genus, 
but the genus gives the characters; for this seems founded 
on the appreciation of many trifling points of reseniblance, too 
slight to be defined. Certain plants, belonging to the Mal- 
pighiaceoe, bear perfect and degraded flowers; in the latter, 
as A. de Jussieu has remarked, “the greater number of the 
characters proper to the species, to the genus, to the family, 
to the class, disappear, and thus laugh at our classification.” 
When Aspicarpa produced in Fraiice, during several years, 
only these degraded flowers, departing so wonderfully in a 
number of the most important points of structure from the 
proper type of the order, yet IM. Richard sagaciously saw, 
as Jussieu observes, that this genus should still l^e retained 
amongst the ]Malpighiace?e. This casc well illustrates the 
spirit of our classifications. 

Practically, wheii naturalists arc at work. they do not 
trouble themselves about the physiological value of the char- 
acters which they use in dcfining a group or in allocatìng any 
particular speeies. If they find a character nearly uiiiform, 
and common to a great number of forms, and not common 
to others, tliey use it as one of high value; ìf common to 
some lesscr number, they use it as of subordinate value. This 
principle has Ixicn broadly confessed by some naturalists to 
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be the true one; and by none more clearly than by that ex- 
cellent botanist, Aug. St. Hilaire. If several trifling char- 
acters are always found in combination, though no apparent 
bond of connection can be discovered between them, especial 
value is set on them. As in most groups of animals, impor- 
tant organs, such as those for propelling the blood, or for 
aerating it, or those for propagating the race, are found 
nearly uniform, they are considered as highly serviceable in 
classification; but in some groups all these, the most impor- 
tant vital organs, are found to offer characters of quite sub- 
ordinate values. Thus, as Fritz Muller has lately remarked, 
in the same group of crustaceans, Cypridina is furnished with 
a heart, whilst in too closely allied genera, namely Cypris 
and Cytherea, there is no such organ ; one species of Cypri- 
dina has well-developed branchise, whilst another species is 
destitute of them. 

We can see why characters derived from the embryo 
should be of equal importance with those derived from the 
adult, for a natural classification of course includes all ages. 
But it is by no means obvious, on the ordinary view, why 
the structure of the embryo should be more important for 
this purpose than that of the adult, which alone plays its full 
part in the economy of nature. Yet it has been strongly 
urged by those great naturalists, Milne Edwards and Agassiz, 
that embryological characters are the most important of all; 
and this doctrine has very generally been admitted as true. 
Nevertheless, their importance has sometimes been exag- 
gerated, owing to the adaptive characters of larvse not hav- 
ing been excluded; in order to show this, Fritz Miiller 
arranged by the aid of such characters alone the great class 
of crustaceans, and the arrangement did not prove a natural 
one. But there can be no doubt that embryonic, excluding 
larval characters, are of the highest value for classification, 
not only with animals but with plants. Thus the main di- 
visions of flowering plants are founded on differences in the 
embryo,—on the number and position of the cotyledons, and 
on the mode of development of the plumule and radicle. We 
shall immediately see why these characters possess so high a 
value in classification, namely, from the natural system being 
genealogical in its arrangement. 
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' Our classìfications arc often plainly influenced by chains 

I of affinities. Nothing can be easier than to dcfine a numbcr 
of characters common to all birds; but with crustaccans, any 
such definition has hitherto bccn found impossible. There 
are crustaceans at the oppositc cnds of the series, which have 
1 hardly a character in common; yet the species at both ends, 
from being plainly allied to others, and thesc to others, 
and so onwards, can be recognised as unequivocally belonging 
to this, and to no other class of the Articulata. 

Geographical distribution has often bcen used, though 
perhaps not quite logically, in classification, more especially 
in very large groups of closely allied fonns. Temminck in- 
sists on the utility or evcn nccessity of this practice in ccrtain 
groups of birds; and it has bcen followcd by scvcral ento- 
mologists and botanists. 

Finally, with respect to the comparative value of the vari- 
ous groups of species, such as orders, sub-orders, families, 
sub-families, and genera, they seem to be, at least at present, 
almost arbitrary. Several of the best botanists, such as Mr. 
Bentham and others, have strongly insisted on their arbi- 
trary value. Instances could be given amongst plants and 
insects, of a group first ranked by practised naturalists 
I as only a genus, and then raised to the rank of a sub-family 
or family; and this has been done, not becatise further re- 
search has detected important structural differcnces, at 
first overlooked, but bccause numerous allied species with 
slightly difìferent grades of difference, have bcen subse- 
quently discovercd. 

AIl the foregoing rules and aids and difficulties in classifi- 
I cation may be explained, if I do not greatly deccive myself, 

I on the view that the Xatural System is founded on dcscent 

' with modification; —that the characters which naturalists 

consider as showing truc affinity betwecn any two or morc 
' species, are those which have bcen inherited froni a common 
parent, all true classification being genealogical;—that com- 
munity of descent is thc hidden bond which naturalists have 
I been unconsciously sccking, and not some unknown piaii of 
creation, or the enunciation of gencral propositions, and thc 
j mere putting together and scparating objects inore or Icss 
’ alike. 


I 
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But I must explain my meaning more fully. I believe that 
the arrangement of the groups within each class, in due sub- 
ordination and relation to each other, must be strictly genea- 
logical in order to be natural; but that the amoiint of difìfer- j 
ence in the several branches or groups, though allied in the | 
same degree in blood to their common progenitor, may difìfer 
greatly, being due to the different degrees of modification 
which they have undergone; and this is expressed by the 
forms being ranked under different genera, families, sections, 
or orders. The reader will best understand what is meant, 
if he will take the trouble to refer to the diagram in the 
fourth chapter. We will suppose the letters A to L to repre- 
sent allied genera existing during the Silurian epoch, and 
descended from some still earlier form. In three of these 
genera (A, F, and I), a species has transmitted modified de- j 
scendants to the present day, represented by the fifteen | 
genera to on the uppermost horizontal line. Now * 
all these modified descendants from a single species, are re- j 
lated Ìn blood or descent in the same degree; they may meta- 
phorically be called cousins to the same millionth degree; 
yet they differ widely and in different degrees from each 
other. The forms descended from A, now broken up into 
two or three famìlies, constitute a distinct order from those 
descended from I, also broken up into two families. Nor 
can the existing species, descended from A, be ranked in the 
same genus with the parent A; or those from I, with the 
parent 1 . But the existing genus may be supposed to have 
been but slightly modified; and it will then rank with the 
parent-genus F; just as some few still living organisms be- 
long to Silurian genera. So that the comparative value of 
the differences between these organic beings, which are all 
related to each other in the same degree in blood, has come 
to be widely different. Nevertheless their genealogical 
arrangemeìit remains strictly true, not only at the present 
time, but at each successive period of descent. AII the modi- 
fied descendants from A will have inherited something in 
common from their common parent, as will all the descend- 
ants from I; so will it be with each subordinate branch of 
descendants, at each successive stage. If, however, we sup- 
pose any descendant of A, or of I, to have become so much 
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modified as to have lost all traces of its parentagc, in this 
case, its place in the natural system will be lost, as seems 
to have occurred with some few existing organisms. All 
the descendants of the genus F, along its whole line of 
descent, are supposed to have been but little modified, and 
they form a single genus. But this genus, though much 
isolated, will still occupy its proper intermediate position. 
The representation of the groups, as here given ìn the dia- 
gram on a flat surface, is much too simple. The branches 
ought to have diverged in all directions. If the names of 
the groups had been simply written down in a linear series, 
the representation would have been still less natural; and it 
ìs notoriously not possible to represent in a series, on a fiat 
surface, the affinities which we discover in natiire amongst 
the beings of the same group. Thus, the natural system is 
genealogical in its arrangement, like a pedigree: but the 
amount of modification which the different groups have 
undergone has to be expressed by ranking them under differ- 
ent so-called genera, sub-families, families, sections, orders, 
and classes. 

It may be worth while to illustrate this view of classifica- 
tion, by taking the case of languages. If we possessed a 
perfect pedigree of mankind, d genealogical arrangement of 
the races of man would afford the best classification of the 
various languages now spoken throughout the world; and if 
all extinct languages, ancl all intermcdiate and slowly chang- 
ing dialects, were to be included, such an arrangement would 
be the only possible one. Yet ìt might be that some ancient 
languages had altered very little and had given rise to few 
new languages, whilst others had altered much owing to the 
spreading, isolation, and state of civilisation of the several 
co-deseended races, and had thus given rise to many new 
dialects and languages. The various degrees of difference 
between the languages of the same stock, would have to be 
expressed by groups subordinate to groiips; bnt the proper 
or even the only possible arrangement woukl still be genea- 
logical; and this would he strictly natural, as it would coii- 
nect together all languages, extinct and recent. hy ihe closest 
affinities, and would givc the filiation and origin of each 
tongue. 
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In confirmation of this view, let us glance at the classifi' 
cation of varieties, which are known or believed to be 
descended from a single species. These are grouped under 
the species, with the sub-varieties under the varieties; and 
in some cases, as with the domestic pigeon, with several 
other grades of difference. Nearly the same rules are fol- 
lowed as in classifying species. Authors have insisted on 
the necessity of arranging varieties on a natural instead of 
an artificial system; we are cautioned, for instance, not to 
class two varieties of the pine-apple together, merely because 
their fruit, though the most important part, happens to be 
nearly identical; no one puts the Swedish and common turnip 
tbgether, though the esculent and thickened stems are so 
similar. Whatever part is found to be most constant, is used 
in classing varieties; thus the great agriculturist Marshall 
says the horns are very useful for this purpose with cattle, 
because they are less variable than. the shape or colour of the 
body, &c.; whereas with sheep the horns are much less serv- 
iceable, because less constant. In classing varieties, I 
apprehend that if we had a real pedigree, a genealogical 
classification would be universally preferred; and it has been 
attempted in some cases. For we might feel sure, whether 
there had been more or less modification, that the principle 
of inheritance would keep the forms together which were 
allied in the greatest number of points. In tumbler pigeons, 
though some of the sub-varieties differ in the important 
character of the length of the beak, yet all are kept together 
from having the common habit of tumbling; but the short- 
faced breed has nearly or quite lost this habit; nevertheless, 
without any thought on the subject, these tumblers are kept 
in the same group, because allied in blood and alike in some 
other respects. 

With species in a state of nature, every naturalist has in 
fact brought descent into his classification; for he includes 
in his lowest grade, that of species, the two sexes; and how 
enormously these sometimes differ in the most important 
characters, is known to every naturalist: scarcely a single 
fact can be predicated in common of the adult males and 
hermaphrodites of certain cirripedes, and yet no one dreams 
of separating them. As soon as the three Orchidean forms. 
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Monachanthus, Myanthus, and Catasctum, which had previ- 
ously bccn ranked as three distinct genera, were known to be 
sometimes produced on the samc plant, they were immcdi- 
ately considered as varicties: and now I have been able lo 
show that they are the malc, female, and hermaphrodite 
forms of the same specics. The naturalist includes as one 
species the various larval stages of the same individual, how- 
ever much they may differ from each other and from the 
adult, as well as the so-called alternate generations of Stecn- 
strup, which can only in a technical sense be considered as 
the same individual. Ile includes monsters and varieties, not 
from their partial resemblance to the parent-form, but be- 
cause they are descended from it. 

As descent has universally becn used in classing together 
the individuals of the same species, though the males and 
females and larvae are sometimes extremely different; and as 
it has been used in classing varieties which have tindergone 
a certain, and sometimes a considerable amount of modifica- 
tion, may not this same element of descent have been uncon- 
sciously used in grouping species under genera, and genera 
under higher groups, all under the so-called natural system? 
I believe it has been unconsciously used; and thus only can 
I understand the several rulcs and guides which have been 
followed by our best systematists. As we have no writtcn 
pedigrees, we are forced to trace community of descent by 
resemblances of any kind. Tlicrcfore we choose those char- 
acters which are tlie least likcly to have been modified, in 
relation to the conditions of life to which each species has 
been recently exposed. Rudimentary structures on this vicw 
are as good as, or even sometiines bctter than, other parts 
of the organisatìon. We care not how trifling a character 
may be — let it be the mere inflcction of the angle of the jaw, 
the manner in which an insect’s wing is folded. whether thc 
skin be covered by hair or fcathers—if it prevail through- 
out many and diffcrent specics, cspecially those having very 
different habits of life, it assumcs high value; for we can 
account for its presence in so many forms with such differ- 
ent habits, only by inheritancc from a conimon parcnt, We 
may err in this respect in regard to single points of structnrc, 
biit when scvcral characters, let them bo cver so trifling, 
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concur throughout a large group of beìngs havìng different 
habits, we may feel almost sure, on the theory of descent, 
that these characters have been inherited from a common 
ancestor; and we know that such aggregated characters have 
especial value in classification. 

We can understand why a species or a group of species 
may depart from its allies, in several of its most important 
characteristics, and yet be safely classed with them. This 
may be safely done, and is often done, as long as a sufficient 
number of characters, let them be ever so unimportant, be- 
trays the hidden bond of community of descent. Let two 
forms have not a single character in common, yet, if these 
extreme forms are connected together by a chain of inter- 
mediate groups, we may at once infer their community of 
descent, and we put them all into the same class. As we find 
organs of high physiological importance—those which serve 
to preserve life under the most diverse conditions of exist- 
ence—are generally the most constant, we attach especial 
value to them; but if these same organs, in another group 
or section of a group, are found to differ much, we at once 
value them less in our classification. We shall presently see 
why embryological characters are of such high classificatory 
importance. Geographical distribution may sometimes be 
brought usefully Ìnto play in classing large genera, because 
all the species of the same genus, inhabiting any distinct and 
isolated region, are in all probability descended from the 
same parents. 

Analogical Resemhlances .—^We can understand, on the 
above views, the very ìmportant distinction between real 
affinities and analogìcal or adaptive resemblances. Lamarck 
first called attention to this subject, and he has been ably fol- 
lowed by Macleay and others, The resemblance in the shape 
of the body and in the fin-Iike anterior limbs between du- 
gongs and whales, and between these two orders of mam- 
mals and fishes are analogical. So is the resemblance 
between a mouse and a shrew-mouse (Sorex), which belong 
to different orders; and the still closer resemblance, insisted 
on by Mr. Mivart, between the mouse and a small marsupial 
anìmal (Antechinus) of Australia. These latter resem- 
blances may be accounted for, as it seems to me, by adapta- 
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tion for similarly active movemcnts through thickets and 
herbage, together with concealment from cnemies. 

Amongst insects there are innumerable similar instances; 
thus Linnoeus, misled by external appearances, actually 
classed an homopterous insect as a moth. We see something 
of the same kind even with our domestic varieties, as in the 
strikingly similar shape of the body in the improved breeds 
of the Chinese and common pig, which are descended from 
distinct species; and in the sirnilarly thickened stems of the 
common and specifically distinct Swedish turnip. The re- 
semblance between the greyhound and the racehorse is hardly 
more fanciful than the analogies which have been drawn by 
some authors between widely differcnt animals. 

On the view of characters being of rcal importance for 
classification, only in so far as they reveal descent, we can 
clearly understand why analogical or adaptive characters, 
although of the utmost importance to the welfare of the 
being, are almost valueless to the systematist. For animals, 
belonging to two most distinct lines of descent, may have 
become adapted to similar conditions, and thus have assumed 
a close external resemblance; but such resemblances will not 
reveal—will rather tend to conceal their blood-relationship. 
We can thus also understand the apparcnt paradox, that the 
very same characters are analogical when one group is com- 
pared with another, but give true affinities when the members 
of the same group are compared together: thus, the shape of 
the body and fin-Iike limbs are only analogical when whales 
are compared with fishes, being adaptations in both classes 
for swimming through the water; but between the sevcral 
members of the whale family, the shape of the body and the 
fin-Iike limbs offer characters exhibìting true affmity: for as 
these parts are so nearly similar throughout the whole fain- 
ily, we cannot doubt that they have been inherited from a 
common ancestor. So it is with fishes. 

Numerous cases could be given of striking rcsemblances 
in quite distinct beings between single parts or organs, which 
have been adapted for the sanie functions. A good instance 
is afforded by the close resemblance of the jaws of tho dog 
and Tasmanian wolf or Thylaciniis,—animals whìch are 
widely sundered in the natural systcm. Biit this rcscniblance 
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is confined to general appearance. as in the prominence of 
the canìnes. and in the cutting shape of the molar teeth. For 
the teeth really dififer much: thus the dog has on each side 
of the upper jaw four pre-molars and only two molars; 
whilst the Thylacinus has three pre-molars and four molars. 
The molars also dififer much in the two animals in relative 
sìze and structure. The adult dentition is preceded by a 
widely dififerent milk dentition. Any one may of course deny 
that the teeth in either case have been adapted for tearing 
flesh, through the natural selection of successive variations; 
but if this be admitted in the one case, it is unintelligible to 
me that it should be denied in the other. I am glad to find 
that so high an authority as Professor Flower has come to 
this same conclusion. 

The extraordinary cases given in a former chapter, of 
widely different fishes possessing electric organs,—of widely 
different insects possessing luminous organs,—and of orchids 
and asclepiads having pollen-masses with viscid discs, come 
under this same head of analogical resemblances. But these 
cases are so wonderful that they were introduced as diffi- 
culties or objections to our theory. In all such cases some 
fundamental dìfference in the growth or development of the 
parts. and generally in their matured structure, can be de- 
tected. The end gained is the same, but the means, though 
appearing superficially to be the same, are essentially dififer- 
ent. The principle formerly alluded to under the term of 
analogìcal rariatìon has probably in these cases often come 
into play; that is, the members of the same class, although 
only distantly allied, have inherited so much in common in 
their constitutìon, that they are apt to vary under similar 
cxciting causes in a similar manner; and this would obvi- 
ously aìd in the acquirement through natural selection of 
parts or organs, strikingly Hke each other, independendy of 
their direct inheritance from a common progenitor. 

As species belonging to distinct classes have often been 
adapted by successive slight modifications to live under 
nearly similar circumstances,—to inhabit, for instance, the 
three elements of land, air, and water,—we can perhaps un- 
derstand how it is that a numerical parallelism has sometimes 
been observed between the sub-groups of distinct classes. A 




ANALOGICAL RESEMBLANCES 


465 


naturalist, struck with a parallelism of this nature, by arbi- 
trarily raising or sinking thc value of thc groups in several 
classes (and all our experience shows that their valuation 
is as yet arbitrar}^), could easily cxtend the parallelism over 
a wide range; and thus the septenary, quinary, quaternary 
and ternary classifications have probably arisen. 

There is another and curious class of cases in which close 
external resemblance does not depend on adaptation to sim- 
ilar habits of life, but has been gained for the sakc of pro- 
tection. I allude to the wonderful manner in which certain 
butterflies imitate, as first described by IMr. Bates, other and 
quite distinct species. This excellent observer has shown 
that in some districts of S. America, where, for instance, an 
Ithomia abounds in gaudy swarms, another butterfly, namely, 
a Leptalis, is often found mingled in the same flock; and the 
latter so closely resembles the Ithomia in every shade and 
stripe of colour and even in the shape of its wings, that ^lr. 
Bates, with his cyes sharpened by collecting during eleven 
years, was, though ahvays on his guard, continually deceived. 
When the mockers and the mocked are caught and compared, 
they are found to be very different in essential structure, and 
to belong not only to distinct genera, but often to distinct 
families. Had this mimicry occurred in only one or two in- 
stances, it might have been passed over as a strange coinci- 
dence. But, if we proceed from a district where one Leptalis 
imitates an Ithomia, another mocking and mocked species 
belonging to the same two genera, equally close in their 
resemblance, may be found. Altogether no less than ten 
genera are enumerated, which include species that imitate 
cther butterflies. The mockers and mocked always inhabit 
the same region; we never find an imitator living remote 
from the form which it imitatcs. Thc mockers are almost 
invariably rare insects; the mocked in almost evcry case 
abound in swarms. In the same district in which a specics 
of Leptalis closely imitates an Ithomia, therc arc sometimes 
other Lepidotera mimicking the same Ithomia: so that in the 
same place, specics of three genera of butterflies and even a 
moth are found all closely rescmbling a butterfly belonging 
to a fourth genus. It deserves especial notice that many of 
the mimicking forms of the Leptalis, as well as of the mim- 



466 


ORIGIN OF SPECIES 


icked forms, can be shown by a graduated series to be merely 
varieties of the same species; whilst others are undoubtedly 
distinct species. But why, it may be asked, are certain forms 
treated as the mimicked and others as the mimickers? Mr. 
Bates satisfactorily answers this question, by showing that 
the form which is imitated keeps the usual dress of the group 
to which it belongs, whilst the counterfeiters have changed 
their dress and do not resemble their nearest allies. 

We are next led to inquire what reason can be assigned 
for certain butterflies and moths so often assuming the dress 
of another and quite distinct form; why, to the perplexity of 
naturalists, has nature condescended to the tricks of the 
stage? Mr. Bates has, no doubt, hit on the true explanation. 
The mocked forms, which always abound in numbers, must 
habitually escape destruction to a large extent, otherwise 
they could not exist in such swarms; and a large amount of 
evidence has now been collected, showing that they are dis- 
tasteful to birds and other insect-devouring animals. The 
mocking forms, on the other hand, that inhabit the same dis- 
trict, are comparatively rare, and belong to rare groups; 
hence they must sufifer habitually from some danger, for 
otherwise, from the number of eggs laid by all butterflies, 
they would in three or four generations swarm over the 
whole country. Now if a member of one of these perse- 
cuted and rare groups were to assume a dress so like that of 
a well-protected species that it continually deceived the prac- 
tised eyes of an entomologist, it would often deceive preda- 
ceous birds and insects, and thus often escape destruction. 
Mr. Bates may almost be said to have actually witnessed the 
process by which the mimickers have come so closely to re- 
semble the mimìcked; for he found that some of the forms 
of Leptalis which mimic so many other butterflies, varied in 
an extreme degree. In one district several varieties oc- 
curred, and of these one alone resembled to a certain ex- 
tent, the common Ithomia of the same district. In another 
district there were two or three varieties, one of which was 
much commoner than the others, and this closely mocked 
another form of Ithomia. From facts of this nature, Mr. 
Bates concludes that the Leptalis first varies; and when a 
variety happens to resemble in some degree any common 
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buttcrfly inhabiting thc samc district, this variety, from its 
resemblance to a flourishing and littlc-persecutcd kind, has 
a better chance of cscaping destruction from predaceous 
birds and insects, and is consequently oftencr prcscrvcd;— 
“the less perfect degrees of rescmblance being generation 
after generation eliminated, and only the others left to pro- 
pagate their kind.” So that \ve have an excellent illus- 
tration of natural selection. 

Messrs. Wallace and Trimcn havc likewise described sev- 
eral equally striking cases of imitation ìn the Lepidoptera of 
the Malay Archipelago and Africa, and with some other in- 
sects. I\Ir. Wallace has also detected one such case with 
birds, but we have none with the larger quadrupeds. The 
much greater frequency of imitation with insects than with 
other animals, is probably the consequence of thcir small ' 
size; insects cannot defend themselves, excepting indeed the 
kinds furnished with a sting, and I have never heard of an 
instance of such kinds mocking other insects, though thcy 
are mocked; insects cannot easily escape by flight from the 
larger animals which prey on them; therefore, speaking 
metaphorically, they are reduced, like most weak creatures, 
to trickery and dissimulation. 

It should be observed that the proccss of imitation prob- 
ably never commenced betwecn forms widely dissimilar in 
colour. But starting with species already somewhat like 
each other, the closest resemblance, if beneficial, could rcad- 
ily be gained by the above means; and if the imitated form 
was subsequently and gradually modified through any agency, 
the imitating form would be led along the same track, and 
thus be altered to almost any extent, so that it might ulti- 
niately assume an appearance or colouring wholly unlikc that 
of the other members of thc family to which it belonged. 
Therc is, however, some difficulty on this head, for it is nec- 
essary to suppose in some cases that ancient members belong- . 
ing to several distinct groups, bcfore they had divergcd to 
their present extent, accidentally rcscmbled a member of 
anothcr and protected group in a sufficient degrce to afford 
some slight protection; this having given the basis for the 
subsequent acquisition of the most pcrfect rescmbìance. 

On the Natnre of tJie Afìinities connecting Organic 
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Bcings .—As the modifìed descendants of dominant species, 
belonging to the larger genera, tend to inherit the advan- 
tages vvhich made the groups to which they belong large and 
their parents dominant, they are almost sure to spread widely, 
and to seize on more and more places in the economy of na- 
ture. The larger and more dominant groups within each 
class thus tend to go on increasing in size; and they conse- 
quently supplant many smaller and feebler groups. Thus we 
can account for the fact that all organisms, recent and ex- 
tinct, are included under a few great orders, and under still 
fewer classes. As showing how few the higher groups are 
in number, and how widely they are spread throughout the 
world, the fact is striking that the discovery of Australia 
has not added an insect belonging to a new class; and that 
in the vegetable kingdom, as 1 learn from Dr. Hooker, it 
has added only two or three families of small size. 

In the chapter on Geological Siiccession I attempted to 
show, on the principle of each group having generally 
diverged much in character during the long-continued proc- 
ess of modification, how it is that the more ancient forms of 
life often present characters in some degree intermediate 
between existing groups. As some few of the old and in- 
termediate forms have transmitted to the present day de- 
scendants but little modified, these constitute our so-called 
osculant or aberrant species. The more aberrant any form 
is, the greater must be the number of connecting forms which 
have been exterminated and utterly lost. And we have some 
evidence of aberrant groups having suffered severely from 
extinction, for they are almost always represented by ex- 
tremely few species; and such species as do occur are gen- 
erally very distinct from each other, which again implies 
extinction. The genera Ornithorhynchus and Lepidosiren, 
for example, would not have been less aberrant had each 
been represented by a dozen species, instead of as at present 
by a single one, or by two or three. We can, I think, account 
for this fact only by looking at aberrant groups as forms 
which have been conquered by more successful competitors, 
with a few members still preserved under unusually favour- 
able conditions. 

Mr. Waterhouse has remarked that, when a member be- 
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longing to onc gronp of aninials cxhibits an affinity to a 
qiiitc distinct group, tliis afìfìnity in inost cascs is general and 
not special; thus, according to l\Ir. Waterhousc, of all Ro- 
dents, the bizcacha is most ncarly related to Marsupials; but 
in the points in which it approaches this order, its rclations 
are general, that is, ncA to any one marsupial specics more 
than to another. As these points of affmity arc believed to 
be real and not merely adaptive, they must be due in accord- 
ance with our view to inhcritance froin a coinmon progenitor. 
Therefore we must suppose either that all Rodents, including 
the bizcacha, branched off from some ancicnt Marsupial, 
which will naturally havc been rnore or lcss intermcdiate in 
character with respcct to all existing Marsupials; or that 
both Rodents and Marsupials branchcd off from a common 
progenitor, and that both groups have since undergone inuch 
modification in divergent directions. On either view we 
must suppose that the bizcacha has rctained, by inheritance, 
more of the characters of its ancient progenitor than have 
other Rodents; and thereforc it will not bc specially related 
to any one existing Marsupial, but indirectly to all or nearly 
all Marsupials, from having partially retained the character 
of their common progenitor, or of some carly membcr of the 
group. On the other hand, of all Marsupials, as Mr. Water- 
house has remarked, the Phascolomys resembles most nearly, 
not any one species, but the gencral order of Rodents. Iii 
this case, however, it may be strongly suspected that the re- 
semblance is only analogical, owing lo the Phascolomys 
having bccome adapted to habits like those of a Rodent. The 
elder De Candolle has madc nearly similar observations on the 
general nature of the affinities of distinct familics of plants. 

On the principlc of the multiplication and gradnal diver* 
gence in character of the spccies descended from a commoii 
progenitor, together with their retention by inheritance of 
some characters in common, we can understand the cxces- 
sively complcx and radiating affinities by which all the mem- 
bers of the same family or higher group arc connected to- 
gether. For the cominon progenitor of a whole family, now 
broken up by extinction into distinct groups and sub-groups, 
will have transmitted some of its characters, modified in 
various ways and dcgrccs, to all thc spccies; and they will 
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consequently be related to each other by circuitous lines of 
affinity of various lengths (as may be seen in the diagram so 
often referred to), mounting up through many predec^ssors. 
As it is difficult to show the blood relationship between the 
numerous kindred of any ancient and noble family even by 
the aid of a genealogical tree, and almost impossible to do so 
without this aid, we can understand the extraodinary diffi- 
culty which naturalists have experienced in describing, with- 
out the aid of a diagram, the various affinities which they 
perceive between the many living and extinct members of 
the same great natural class. 

Extinction, as we have seen ìn the fourth chapter, has 
played an important part in defining and widening the inter- 
vals between the several groups in each class. We may thus 
account for the distinctness of whole classes from each other 
—for instance, of birds from all other vertebrate animals— 
by the belief that many ancient forms of life have been ut- 
terly lost, through which the early progenitors of bìrds were 
formerly connected with the early progenitors of the other 
and at that time less differentiated vertebrate classes. There 
has been much less extinction of the forms of life which once 
connected fishes wìth batrachiaiis. There has been still less 
within some whole classes, for instance the Crustacea, for 
here the most wonderfully diverse forms are still linked to- 
gether by a long and only partially broken chain of affinities. 
Extinction has only defined the groups: it has by no means 
made them; for if every form which has ever lived on this 
earth were suddenly to reappear, though it would be quite 
impossible to gìve definitions by which each group could be 
distinguished, still a natural classificatìon, or at least a natu- 
ral arrangement, would be possible. We shall see this by 
turnìng to the diagram; the letters, A to L, may represent 
eleven Silurian genera, some of which have produced large 
groups of modified descendants, with every link in each 
branch and sub-branch still alive; and the links not greater 
than those between existing varieties. In this case it would 
be quite impossible to give definitions by which the several 
members of the several groups could be distinguished from 
theìr more immediate parents and descendants. Yet the 
arrangement in the diagram would still hold good and would 
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be natural; for, on thc principle of inhcritance, all the forms 
descended, for instance, from A, would have something in 
commpn. In a tree we can distingnish this or that branch, 
though at the actual fork thc two unitc and blend togcthcr. 
We could not, as I have said, defìnc thc sevcral groups; but 
we could pick out types, or forms, represcnting most of the 
charactcrs of cach group, whether large or small, and thus 
give a gencral idea of the value of the differences bctwecn 
them, This is what we should be driven to, if we were ever 
to succced in collccting all the forins in any one class which 
have lived throughout all timc and space. Assuredly we shall 
never succeed in inaking so perfect a collection: ncvertheless, 
in certain classes, wc are tending towards this end; and 
Alilne Edwards has lately insisted, in an able paper, on the 
high iinportance of looking to types, whcther or not we can 
separatc and define the groups to which such types belong. 

Finally, wc havc seen that natural sclection, which follows 
from the struggle for existence, and which ahnost inevitably 
leads to extinction and divergcnce of character in thc de- 
scendants from any one parent-specics, explains that great 
and universal feature in the affinities of all organic bcings, 
namely, their subordination in group under group. We use 
the element of dcscent in classing the individuals of both 
sexes and of all agcs under one specics, although thcy may 
have but few characters in common; we usc descent in class- 
ing acknowledged varieties, howevcr different they may be 
from their parents ; and I believe that this element of descent 
is the hidden bond of conncxion which naturalists have 
sought iinder the term of the Natural System. On this idea 
of the natural system being, in so far as it is has becn per- 
fccted, genealogical in its arrangement, with the grades of 
diffcrence expressed by the terms genera, families, orders, 
&c., we can understand thc rnles which we are compclled to 
follow in our classification. We can understand why we value 
certain rcsemblances far morc than othcrs; why we use rudi- 
mentary and uscless organs, or others of trifling physio- 
logical importancc; why, in finding the relations bctween one 
group and another, wc summarily reject analogical or adap- 
tive characters, and yet use thesc same characters witliin thc 
limits of thc same group. We can clearly sce how it is that 
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all living and extinct forms can be grouped together within 
a few great classes; and how the several members of each 
class are connected together by the most complex and radi- 
ating lines of affinities. We shall never, probably, disen- 
tangle the inextricable web of the affinities between the mem- 
bers of any one class; biit when we have a distinct object in 
view, and do not look to some unknown plan of creation, we 
may hope to make sure but slow progress. 

Professor Hàckel in his ‘Generelle Morphologie’ and in 
other works, has recently brought his great knowledge and 
abilities to bear on what he calls phylogeny, or the lines of 
descent of all organic beings. In drawing up the several 
series he trusts chiefly to embryological characters, but re- 
ceives aid from homologous and rudimentary organs, as well 
as from the successive periods at which the various forms of 
life are believed to have first appeared in our geological for- 
mations. He has thus boldly made a great beginning, and 
shows us how classification will in the future be treated. 

MORPHOLOGY 

We have seen that the members of the same class, iiide- 
pendently of their habits of life, resemble each other in the 
general plan of their organisation. This resemblance is often 
expressed by the term '‘unity of type;” or by saying that the 
several parts and organs in the different species of the class 
are homologous. The whole subject is included under the 
general term of Morphology. This is one of the most inter- 
estìng departments of natural history, and may almost be 
said to be its very soul. What can be more curious than 
that the hand of a man, formed for grasping, that of a mole 
for digging, the leg of the horse, the paddle of the porpoise, 
and the wing of the bat, should all be constructed on the 
same pattern, and sliould include similar bones, in the same 
relative positions? How curious it is, to give a subordinate 
though striking instance, tliat the hind-feet of the kangaroo, 
which are so well fitted for bounding over the open plains, 
—those of the climbing, leaf-eating koala, equally well fitted 
for grasping the branches of trees,—those of the ground- 
dwelling, insect or root-eating, bandicoots,—and those of 
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some other Australian marsupials,—should all bc constructcd 
on the same extraordinary type, namcly witli the bones o£ 
thc second and third digits cxtrcmely slcnder and enveloped 
within the same skin, so that they appear like a single toe 
furnished with two claws. Notwithstanding this s'milarity 
o£ pattcrn, it is obvious that thc hind feet o£ thesc several 
animals arc used for as widcly different purposcs as it is pos- 
sible to conceive. The case is rendered all the more striking 
by the American opossums, which follow nearly the samc 
habits of life as soinc of their Australian relatives, having 
feet constructcd on the ordinary plan. Profcssor Flower, 
from whom these statemcnts are taken, remarks in conclu- 
sion: ‘AVe may call this conformity to type, without getting 
much nearer to an explanation of the phcnomenonand he 
then adds, “but is it not powerfully suggestive of true rela- 
tionship, of inheritance from a common ancestor?” 

Geoffroy St. Ililaire has strongly insisted on the high im- 
portancc of relative position or connexion in homologous 
parts; they may differ to almost any cxtent in form and sizc, 
and yet remain connected together in the same invariable 
order. \Ve never find, for instancc, thc bones of the arm 
and fore-arm, or of the thìgh and leg, transposed. Hence 
the same names can bc given to the homologous bones in 
widely different animals. \Ve sec thc same great law in the 
construction of the mouths of insects: what can be more dif- 
ferent than the immensely long spiral proboscis of a sphinx- 
moth, the curious folded one of a bce or bug, and the great 
jaws of a beetlc? —yet all these organs, serving for such 
widely different purposes, are formcd by infinitely numerous 
modifications of an upper lip, mandiblcs, and two pairs of 
maxillae. The same law governs the construction of the 
mouths and limbs of crustaceans. So it is with the flowers 
of plants. 

Nothing can bc morc hopelcss than to attcmpt to explain 
this similarity of pattcrn in members of the same class, by 
utility or by the doctrine of final causes. Thc hopclcssncss 
of thc attempt has bcen cxpressly admitted by Owcn in his 
most interesting work on the ‘Nature of Linibs.^ On thc 
ordinary view of the indepcndent creation of cach bcing, we 
can only say that so it is;—that it has plcased the Crcator 
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to construct all the animals and plants in each great class on 
a uniform plan: but this is not a scientific explanation. 

The explanation is to a large extent simple on the theory 
o£ the selection of successive slight modifications,—each 
modification being profitable in some way to the modified 
form, but often attecting by correlation other parts of the 
organisation. In changes of this nature, there will be little 
or no tendency to alter the original pattern, or to transpose 
the parts. The bones of a limb might be shortened and flat- 
tened to any extent, becoming at the same time enveloped in 
Ihick membrane, so as to serve as a fin; or a webbed hand 
might have all its bones, or certain bones, lengthened to any 
extent, with the membrane connecting them increased, so as 
to serve as a wing; yet all these modifications would not 
tend to alter the framework of the bones or the relative con- 
nexion of the parts. If we suppose that an early progenitor 
—the archetype as it may be called—of all mammals, birds, 
and reptiles, had its limbs constructed on the existing general 
pattern, for whatever purpose they served, we can at once 
perceive the plain signification of the homologous construc- 
tion of the limbs throughout the class. So with the mouths 
of insects, we have only to suppose that their common pro- 
genitor had an upper lip, mandibles, and two pairs of max- 
illx, these parts being perhaps very simple in form; and then 
natural selection will account for the infinite diversity in the 
structure and functions of the mouths of insects. Never- 
theless, it is conceivable that the general pattern of an organ 
might become so much obscured as to be finally lost, by the 
reduction and ultimately by the complete abortion of certain 
parts, by the fusion of other parts, and by the doubling or 
multiplication o£ others.—variations which we know to be 
within the limits of possibility. In the paddles of the gigantic 
extinct sea-lizards, and in the mouths of certain suctorial 
crustaceans, the general pattern seems thus to have become 
partially obscured. 

There is another and equally curious branch of our sub- 
ject; namely, serial homologies, or the comparison of the 
dififerent parts or organs in the same individual, and not of 
the same parts or organs in different members of the same 
class. Most physiologists believe that the bones of the skull 
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are nomoiogous—tliat is, correspond in number and ìn rela- 
tive connexion—with the elemental parts of a certain number 
of vertebne. The anterior and posterior limbs in all the 
higher vertebrate classcs are plainly homologous, So it is 
with the wonderfully complex jaws and legs of crustaceans. 
It is familiar to almost eveiy one, that in a flowcr the rela- 
tive positioii of the sepals, petals, stamens, and pistils, as well 
as their intimate structure, are intelligible on the view that 
they consist of mctamorphosed leaves, arranged in a spire. 
In monstrous plants, we often get direct evidencc of the pos- 
sibility of one organ being transformed into another; and 
we can actually see, during the early or cmbryonic stages of 
development in flowers, as well as in crustaceans and many 
other animals, that organs, which when mature become ex- 
tremely different are at first exactly alike. 

How inexplicable are the cases of serial homologies on the 
ordinary view of creation! Why should the brain be en- 
closed in a box composed of such numerous and such extra- 
ordinarily shaped pieces of bone, apparently representing ver- 
tebrae? As Owen has remarked, the benefit derived from the 
yielding of the separate pieces in the act of parturition by 
mammals, will by no means explain the same construction in 
the skulls of birds and reptiles. Why should similar bones 
have been created to form the wing aiid the leg of a bat, 
used as they are for such totally difìferent purposes, namely 
flying and walking? Why should one crustacean, which has 
an extremely complex mouth formed of many parts, conse- 
quently always have fewer legs; or ccnversely, those with 
many legs have simpler mouths? Why should the scpals, 
petals, stamens, and pistils, in cach flower, though fitted for 
such distinct purposes, be all constructed on the same 
pattern ? 

On the theory of natural selection, we can, to a certain 
extent, answer these questions. We need not here consider 
how the bodies of some animals first became divided into a 
series of segments, or how they became divided into right 
and left sides, with corresponding orgaus, for such questìons 
are almost beyond investigation. It is, howevcr, probable 
that some serial structures are the result of cclls niultiply- 
ing by division, entailing the multiplication of the parts 
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developed from such cells. It must suffice for our purpose 
to bear in mind that an indefinite repetition of the same part 
or organ is the common characteristic, as Owen has re- 
marked, of all low or little specialised forms; therefore the 
unknown progenitor of the Vertebrata probably possessed 
many vertebrae; the unknown progenitor of the Articulata, 
many segments; and the unknown progenitor of fiowering 
plants, many leaves arranged in one or more spires. We 
have also formerly seen that parts many times repeated are 
eminently liable to vary, not only in number, but in form. 
Consequently such parts, being already present in consider- 
able numbers, and being highly variable, would naturally 
afford the materials for adaptation to the most different pur- 
poses; yet they would generally retain, through the force 
of inheritance, plain traces of their original or fundamental 
resemblance. They would retain this resemblance all the 
more, as the variations, which afforded the basis for their 
subsequent modification through natural selection, would tend 
from the first to be similar; the parts being at an early stage 
of growth alike, and being subjected to nearly the same con- 
ditions. Such parts, whether more or less modified, unless 
theìr common origin became wholly obscure, would be se- 
rially homologous. 

In the great class of molluscs, though the parts in distinct 
species can be shown to be homologous, only a few serial 
homologies, such as the valves of Chitons, can be indicated; 
that is, we are seldom enabled to say that one part is homol- 
ogous with another part in the same individual. And we 
can understand this fact for in molluscs, even in the lowest 
members of the class, we do not find nearly so much indefi- 
nite repetition of any one part as we find in the other great 
classes of the animal and vegetable kingdoms. 

But morphology is a much more complex subject than it at 
first appears, as has lately been well shown in a remarkable 
paper by Mr. E. Ray Lankester, who has drawn an important 
distinction between certain classes of cases which have all 
been equally ranked by naturalists as homologous. He pro- 
poses to call the structures which resemble each other in 
distinct animals, owing to their descent from a common pro- 
genitor with subsequent modification, homogenous; and the 
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resemblances wliich cannot thus be accountecl for, he pro- 
poses to call homoplastic, For instance, he believes that the 
hearts o£ birds and mammals are as a whole homogenous, — 
that is, have been derived froni a common progenitor; but 
that the four cavities of the heart in the two classes are 
homoplastic,—that is, have been independently developed. 
Mr. Lankester also adduces the close resemblance of the 
parts on thc right and left sides of the body, and in the suc- 
cessive segments of the same indìvidual animal; and here we 
have parts commonly called homologous, which bear no rela- 
tion to the descent of distinct species from a common pro- 
genitor. Homoplastic structures are the same with those 
which I have classed, though in a very imperfect manner, 
as analogous modifications or resemblances. Their forma- 
tion may be attributed in part to distinct organisms, or to 
distinct parts of the same organism, having varìed in an 
analogous manner; and in part to similar modifications, 
havìng been preserved for the same general pui "^se or func- 
tion,—of which many instances have been given. 

Naturalists frequently speak of the skull as formed of 
metamorphosed vertebrae; the jaws of crabs as metamor- 
phosed legs; the stamens and pistils in flowers as meta- 
morphosed leaves; but it would in most cases be more 
correct, as Professor Huxley has remarked, to speak o£ 
both skull and vertebrse, jaws and legs, &c., as having been 
metamorphosed, not one from the other, as they now exist, 
but from some common and simpler element. Alost natu- 
ralists, however, use such language only in a metaphorical 
sense; they are far from meaning that during a long course 
of descent, primordial organs of any kind—vertebne in the 
one case and legs in the other —have actually been converted 
into skulls or jaws. Yet so strong is the appearance o£ this 
having occurred, that naturalists can hardly avoid employing 
language having this plain sigiiification. According to the 
views here maintained, such language may be used literally; 
and the wonderful fact of the jaws, for instance, o£ a crab 
retaining numerous characters, which they probably would 
have retained through inheritance, if they had really been 
metamorphosed from true though extremely simple lcgs, is 
in part explained. 
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DEVELOPMENT AND EMBRYOLOGY 

This is one of the most important subjects in the whole 
round of natural history. The metamorphoses of insects, 
with which every one is familiar, are generally effected ab- 
ruptly by a few stages; but the transformations are in reality 
numerous and gradual, though concealed. A certain ephem- 
erous insect (Chloeon) during its development, moults, as 
shown by Sir J. Lubbock, above twenty times, and each 
^ time undergoes a certain amount of change; and in this 
case we see the act of metamorphosis performed in a pri- 
mary and gradual manner. Many insects, and especially cer- 
tain crustaceans, show us what wonderful changes of struc- 
ture can be effected during development. Such changes, 
however, reacli their acme in the so-called alternate genera- 
tions of some of the lower animals. It is, for instance, an 
astonishing fact that a delicate branching coralline, studded 
with polypi and attached to a submarine rock, should pro- 
duce, fìrst by budding and then by transverse division, a 
host of huge floating jelly-fishes; and that these should pro- 
duce eggs, from which are hatched swimming animalcules, 
which attach themselves to rocks and become developed into 
branching corallines; and so on in an endless cycle. The 
belief in the essential identity of the process of alternate 
generation and of ordinary metamorphosis has been greatly 
strengthened by Wagner's discovery of the larva or maggot 
of £ fly, namely the Cecidomyia, producing asexually other 
larvae, and these others, which finally are developed into 
mature males and females, propagating their kind in the 
ordinary manner by eggs. 

It may be worth notice that when Wagner’s remarkable 
discovery was first announced, I was asked how was it 
possible to account for the larvse of this fly having acquired 
the power of asexual reproduction. As long as the case 
remained unique no answer could be given. But already 
Grimm has shown that another fly, a Chironomus, reproduces 
itself in nearly the same manner, and he believes that this 
occurs frequently in the Order. It is the pupa, and not tho 
larva, of the Chironomus which has this power; and Grimm 
further shows that this case, to a certain extent, ‘'unites that 
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of the Cecidomyia with the parthenogencsis of thc Coc- 
cidje;’’—the term parthcnogenesis implying that the mature 
females of the Coccida? arc capable of producing fertile eggs 
without the concourse of the male. Certain animals belong- 
ing to several classes are iiow known to have the powcr ot 
ordiiiary reproduction at an unusually early age; and we 
have only to accelerate parthenogenetic reproduction by 
gradual steps to an earlier and carlier agc,—Chironomus 
showing us an almost exactly intermediate stage, viz., that of 
the pupa—and we can perhaps account for the marvellous 
case of the Cecidomyia. 

It has already been stated that various parts in the same 
individual which are exactly alike during an early embryonic 
period, become widely different and serve for widely differ- 
ent purposes in the adult statc. So again it has been shown 
that generally the embryos of the most distinct species be- 
longing to the same class are closely similar, but become, 
when fully developed, widely dissimilar. A better proof o£ 
this latter fact cannot be given than the statemeiit of Von 
Baer that “the embryos of mammalia, of birds, lizards, and 
‘‘snakes, probably also of chelonia, are in their earliest states 
“exceedingly like one another, both as a whole and in the 
“mode of development of their parts; so much so, in fact, 
“that we can often distinguish the cmbryos only by their 
“size. In my possession are two little embryos in spirìt, 
“whose names I have omittcd to attach, and at present I am 
“quite iinable to say to what class they belong. They may 
“be Hzards or small birds, or very young mammalia, so 
“complete is the similarity in thc mode of formation of the 
“head and trunk in these animals. The extremities, however, 
“are still absent in these embryos. But evcn if they had 
“existed in the earliest stage of their development we should 
“learn nothing, for the feet of lizards and mamnials, the 
“wings and feet of birds, no less than the hands and feet 
“of man, all arise from the same fundamental form.’^ Tlie 
larvse of most crustaceans, at corresponding stages of devel- 
opment, closely resemble each other, however differcnt thc 
adults may become; and so Ìt is witli vcry many other ani- 
mals. A trace of the law of embryonic reseniblancc occa- 
sionally lasts till a rather late agc: thus birds of thc saine 
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genus, and of allied genera, often. resemble each other in 
their immature plumage; as we see in the spotted feathers 
in the young of the thrush group. In the cat tribe, most 
of the species when adult are striped or spotted in lines; and 
stripes or spots can be plainly distinguished in the whelp of 
the lion and the puma. We occasionally though rarely see 
something o£ the same kind in piants; thus the first leaves 
of the ulex or furze, and the first leaves of the phyllodineous 
acacias, are pinnate or divided iike the ordinary leaves o£ the 
leguminosse. 

The points of structure, in which the embryos of wideiy 
different animals within the same ciass resemble each other, 
often have no clirect reiation to their condition of existence. 
We cannot, for instance, suppose that in the embryos of the 
vertebrata the peculiar loop-iike courses of the arteries near 
the branchial siits are related to similar conditions,—in the 
young mammal which is nourished in the womb of its mother, 
in the egg of the bird which is hatched in a nest, and in the 
spawn of a frog under water. We have no more reason to 
believe in such a relation, than we have to believe that the 
simiiar bones in the hand of a man, wing of a bat, and fin 
of a porpoise, are related to similar conditions of life. No 
one supposes that the stripes on the wheip of a lion, or the 
spots on the young blackbird, are of any use to these animais. 

The case, however, is different when an animal during any 
part of its embryonic career is active, and has to provide for 
itseif. The period of activity may come on earlier or Ìater 
in life; but whenever it comes on, the adaptation of the larva 
to its conditions of life is just as perfect and as beautifui as 
in the adult animal. In how important a manner this has 
acted, has recently been weil shown by Sir J. Lubbock in his 
remarks on the close simiiarity of the larvse of some insects 
beionging to very different orders, and on the dissimilarity 
of the larvse of other insects within the same order, accord- 
ing to their habits of life. Owing to such adaptations, the 
simiiarity of the larvse of allied animais is sometimes greatiy 
obscured; especially when there is a division of labour during 
the different stages of development, as when the same larva 
has during one stage to search for food, and during another 
stage has to search for a place of attachment. Cases can 
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even be given of the larvse of allied species, or groups of 
species, differing more froni each othcr than do the adults. 
In most cases, howcver, thc larva?, though activc, still obey, 
more or less closely, the law of common embryonic rcsem- 
blance. Cirripedes afford a good instance of this; cven the 
illastrious Cuvier did not perceive that a barnacle was a 
crustacean; but a glance at the larva shows this in an un- 
mistakable maiiner. So again the two main divisions of 
cirripedes, the pedunculated and sessile, though differing 
widely in external appearance, havc larvx in all thcir stages 
barely distinguishable. 

The embryo in thc course of developmcnt generally riscs 
in organisation; I use this cxpression, though I am aware 
that it is hardly possible to define clearly what is mcant by 
the organisation being higher or lower. But no one probably 
will dispute that the butterfly is higher than the caterpillar. 
In some cases, however, the mature animal must be consid- 
ered as lower in the scale than the larva, as with certain 
parasitic crustaceans. To refer once again to cirripedes; the 
larvse in the first stage have three pairs of locomotive organs, 
a simple single eye, and a probosciformcd mouth, with which 
they feed largely, for they increase much in size. In the 
second stage, answering to the chrysalis stage of butterflies, 
they have six pairs of beautifully constructed natatory lcgs, 
a pair of magnificent compound eyes, and extremely coraplex 
antennae; but they have a closed and imperfect mouth, and 
cannot feed; thcir function at this stage is, to search out by 
their well-developed organs of sense, and to reach by their 
active powers of swimming, a proper place on which to be- 
come attached and to undergo their final metamorphosis. 
When this is completed they are fixed for life; their legs arc 
now convertcd into prehensile organs; they again obtain a 
well-constructed mouth; but they have no antenna?, and their 
two eyes are now reconverted into a minute, singlc, simple 
eye-spot. In this last and complete state, cirripcdes may be 
considered as either more highly or more lowly organised 
than they were in the larval condition. But in some genera 
the larvae become developed into hcrmaphrodites having the 
ordinary structure, and into what I have called complemcntal 
malcs; and in thc latter the developmeiit has assuredly bccn 
p IIC XI 
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retrograde, for the male is a mere sack, which lives for a 
short time and is destitute of mouth, stomach, and every 
other organ of importance, excepting those for reproduction. 

We are so much accustomed to see a difference in structure 
between the embryo and the adult, that we are tempted to 
look at this difference as in some necessary manner contin- 
gent on growth. But there is no reason why, for instance, 
the wing of a bat, or the fin of a porpoise, should not have 
been sketched out with all their parts in proper proportion, 
as soon as any part became visible. In some whole groups 
of animals and in certain members of other groups this is 
the case, and the embryo does not at any period differ widely 
from the adult: thus Owen has remarked in regard to cuttle- 
fish, “'there is no metamorphosis; the cephalopodic character 
is manifested long before the parts of the embryo are com- 
pleted.” Land-shells and fresh-water crustaceans are born 
having their proper forms, whilst the marine members of the 
same two great classes pass through considerable and often 
great changes during their development. Spiders, again, 
barely undergo any metamorphosis. The larvse of most in- 
sects pass through a worm-like stage, whether they are active 
and adapted to diversified habits, or are inactive from being 
placed in the midst of proper nutriment or from being fed 
by their parents; but in some few cases, as in that of Aphis, 
if we look to the admirable drawings of the development of 
this insect, by Professor Huxley, we see hardly any trace 
of the vermiform stage. 

Sometimes it is only the earlier developmental stages which 
fail, Thus Fritz Muller has made the remarkable discovery 
that certain shrimp-like crustaceans (allied to Penoeus) first 
appear under the simple nauplius-form, and after passing 
through two or more zoea-stages, and then through the 
mysis-stage, finally acquire their mature structure: now in 
the whole great malacostracan order, to which these crusta- 
ceans belong, no other member is as yet known to be first 
developed under the nauplius-form, though many appear as 
zoeas; nevertheless Miiller assigns reasons for his belief, 
that if there had been no suppression of development, all 
these crustaceans would have appeared as nauplii. 

How, then, can we explain these several facts in embry- 
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ology,—namely, the very general, though not universal, di£- 
ference in structure between the embryo and the adult;— 
the various parts in the same individual embryo, which ulti- 
mately become very unlike and serve for diverse purposes, 
being at an early period of growth alike;—the common, but 
not invariable, resemblance between the embryos or larvae 
of the most distinct species in the same class;—the em- 
bryo often retaining whilst within the egg or womb, struc- 
tures which are of no service to it, either at that or at a 
later period of life; on the other hand larvae, which have to 
provide for their own wants, being perfectly adapted to the 
surrounding conditions;—and lastly the fact of certain larvae 
standing higher in the scale of organisation than the mature 
animal into which they are developed? I believe that all 
these facts can be explained, as follows. 

It is commonly assumed, perliaps from monstrosities affect- 
ing the embryo at a very early period, that slight variations 
or individual differences necessarily appear at an equally 
early period. We have little evidence on this head, but what 
we have certainly points the other way; for it is notorious 
that breeders of cattle, horses, and varìous fancy animals, 
cannot positively tell, until some time after birth, what will 
be the merits or demerits of their young animals. We see 
this plainly in our own children; we cannot tell whether a 
child will be tall or short, or what its precise features will 
be. The question is not, at what period of life each varia- 
tion may have been caused, but at what period the effects are 
displayed. The cause may have acted, and I believe often 
has acted, on one or both parents before the act of genera- 
tion. It deserves notice that it is of no importance to a very 
young animal, as long as it remains in its mother’s womb or 
in the egg, or as long as it is nourished and protected by its 
parent, whether most of its characters are acquired a little 
earlier or later in life. It would not signify, for instance, to 
a bird which obtained its food by having a much-curved 
beak whether or not whilst young it possessed a bcak of this 
shape, as long as it was fed by its parents. 

I have stated in the first chapter, that at whatever age a 
variation first appears in the parent, it tends to reappear at 
a corresponding age in the offspring. Certain variations caii 
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only appear at corresponding ages; for instance, peculiarities 
in the caterpillar, cocoon, or imago states of the silk-moth: 
or, again, in the full-grown horns of cattle. But variations, 
which, for all that we can see might have first appeared 
either earlier or later in life, likewise tend to reappear at a 
corresponding age in the offspring and parent. I am far 
from meaning that this is invariably the case, aiid I could 
give several exceptional cases of variations (taking the word 
in the largest sense) which have supervened at an earlier 
age in the child tlian in tlie parent. 

These two principles, namely, that slight variations gen- 
erally appear at a not very early period of life, and are in- 
herited at a corresponding not early period, explain, as I 
believe, all the above specified leading facts in embryology. 
But first let us look to a few analogous cases in our domestic 
varieties. Some authors who have written on Dogs, main- 
tain that the greyhound and bulldog, though so different, 
are really closely allied varieties, descended from the same 
wild stock; hence I was curious to see how far their puppies 
differed from each other: I was told by breeders that they 
differed just as much as their parents, and this, judging by 
the eye, seemed almost to be the case; but on actually meas- 
uring the old dogs and their six-days-old puppies, I found 
that the puppies had not acquired nearly their full amount of 
proportional difference. So, again, I was told that the foals 
of cart and race-horses—breeds which have been almost 
wholly formed by selection under domestication—differed as 
much as the full-grown animals; but having had careful 
measnrements made of the dams and of the three-days-old 
colts of race and heavy cart-horses, I find that this is by no 
means the case. 

As we have conclusive evidence that the breeds of the 
Pigeon are descended from a single wild species, I compared 
the young within twelve hours after being hatched; I care- 
fully measured the proportions (but will not here give the 
details) of the beak, width of mouth, length of nostril and 
of eyelid, size of feet and length of leg, in the wild parent- 
species, in pouters, fantails, runts, barbs, dragons, carriers, 
and tumblers. Now some of these birds, when mature, differ 
in so extraordinary a manner in the length and form of beak^ 
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and ìn other cliaracters, that they would certainly have hcen 
uanked as distinct genera if foiind in a state of nature. But 
when the nestling birds of these several brceds were placed 
in a row, though most of thcm could just be distinguishcd, 
the proportional differences in the above specified points 
were incomparably less than in the full-grown birds. Some 
characteristic points of diffcrence—for instance, that of the 
width of mouth —could hardly be detected in the young. But 
there was one remarkable exception to this rule, for the 
young of the short-faced tumbler differcd from the young 
of the wild rock-pigeon and of the other breeds, in almost 
exactly the same proportions as in the adult state. 

These facts are explained by the above two principles. 
Fanciers select their dogs, horses, pigcons, &c., for breeding, 
when nearly grown up: they arc indifferent whether the de- 
sired qualities are acquired earlier or later in life, if the 
full-grown animal possesses them. And the cases just given, 
more especially that of the pigeons, show that the charac- 
teristic differences whìch have been accumulated by man’s 
selection, and which give value to his breeds, do not gen- 
erally appear at a very early period of life, and are inherited 
at a corresponding not early period. But the case of the 
short-faced tumbler, which when twelve hours old possessed 
its proper characters, proves that this is not the universal 
rule; for here the characteristic differences must either have 
appeared at an earlier period than usual, or, if not so, the 
differences must have been inherited, not at a corresponding, 
but at an earlier age. 

Now let us apply these two principlcs to species in a state 
of nature. Let us take a group of birds, descended from 
some ancient form and modified throiigh natural selection 
for different habits. Then, from the many slight successive 
variations having supcrvened in the several specics at a not 
early age, and having been inherited at a corresponding age, 
the young will have been but little inodified, and they wìll still 
resemble each otlier much more closely than do the adults,— 
just as we have seen with the breeds o'f the pigeon. \Vc may 
extend this view to widely distinct structures and to wholc 
classes. The fore-Iimbs, for instancc, which oncc served 
as legs to a remote progenitor, may have become, through 



486 


ORIGIN OF SPECIES 


a long course of modification, adapted in one descendant to 
act as hands, in another as paddles, in another as wings; 
but on the above two princìples the fore-limbs will not have 
been much modified in the embryos of these several forms; 
although in each form the fore-limb will differ greatly in the 
adult state. Whatever influence long-continued use or disuse 
may have had in modifying the limbs or other parts of any 
species, this will chiefly or solely have affected it when nearly 
mature, when it was compelled to use its full powers to gain 
its own living; and the effects thus produced will have been 
transmitted to the offspring at a corresponding nearly mature 
age. Thus the young will not be modified, or will be modi- 
fied only in a slight degree, through the effects of the in- 
creased use or disuse of parts. 

With some anìmals the successive variations niay have 
supervened at a very early perìod of life, or the steps may 
have been inherited at an earlier age than that at which they 
first occurred. In either of these cases, the young or embryo 
will closely resemble the mature parent-form, as we have 
seen with the short-faced tumbler. And this is the rule of 
development in certain whole groups, or in certain sub- 
groups alone, as with cuttle-fish, land-shells, fresh-water 
crustaceans, spiders, and some members of the great class of 
insects. With respect to the final cause of the young ìn 
such groups not passing through any metamorphosis, we 
can see that this would follow from the following contin- 
gencies; namely, from the young having to provide at a very 
early age for their own wants, and from their following the 
same habits of life with their parents; for in this case, it 
would be indispensable for their exìstence that they should 
be modified in the same manner as their parents. Again, with 
respect to the singular fact that many terrestrìal and fresh- 
water animals do not undergo any metamorphosis, whilst 
marine members of the same groups pass through various 
transformations, Fritz Miiller has suggested that the process 
of slowly modifying and adapting an animal to live on the 
land or in fresh water, instead of in the sea, would be greatly 
simplified by its not passing through any larval stage ; for 
it is not probable that places well adapted for both the larval 
and mature stages, under such new and greatly changed 
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habits of lìfe, would commonly bc found imoccupied or ill- 
occupied by other organisms. In this case the gradual ac- 
quirement at an earlier and earlier age of the adult striicture 
would be favourecl by natural selcction; and all traces of 
former metamorphoses would finally be lost. 

If, 011 the other hand, it profìted the young of an animal 
to follow habits of life slightly different from thosc of thc 
parent-forni, and conscquently to bc constructed on a slightly 
different plan, or if it profited a larva already different from 
its parent to change still further, then, on the principle of 
inhcritance at corresponding ages, the young or the larvae 
might be rendered by natural selection more and more dif- 
ferent from their parents to any conceivable extent. Differ- 
ences in the larva niight, also, become correlated with suc- 
cessive stages of its development; so that the larva, in the 
first stage, might come to differ greatly from the larva in the 
second stage, as is the case with many animals. The adult 
might also bccome fitted for sites or habits, in which organs 
of locomotion or of the senses, &c., would be useless; and 
iii this case the metamorphosis would be retrograde. 

From the remarks just made we can sec how by changes 
of structure in the young, in conformity with changed habits 
of life, together with inheritance at corresponding agcs, 
animals might come to pass throiigh stages of development, 
perfectly distinct from the primordial condition of their 
adult progenitors. Most of our best authorities are now 
convinced that the various larval and pupal stages of insects 
have thus been acquired through adaptation, aiid not through 
inheritance from some ancieiit form. The curious case of 
Sitaris—a beetle which passes through certain unusual stages 
of development —will illustrate how this might occur. The 
first larval form is described by M. Fabre, as an active, 
niinute insect, furnished with six legs, two long antennse, and 
four eyes. These larvae are hatched in thc nests of becs; 
and when the male-bces emerge from their burrows, iii the 
spring, which they do before the femalcs, the larvoe spring 
on them, and afterwards crawl on to the femalcs whilst 
paired with the males. As soon as the fcmale bec deposits 
her eggs on the surface of the honey stored in the cclls, the 
larvae of Ihe Sitaris lcap on thc cggs and dcvour theiiL 
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Afterwards they undergo a complete change: their eyes dis- 
appear; their legs and antennae become rudimentar}’, and 
they feed on honey; so that they now more closely resemble 
the ordinary larvse of insects: ultimately they undergo a 
further transformation, and finally emerge as the perfect 
beetle. Xow, if an insect, undergoing transformations like 
those of the Sitaris, were to become the progenitor of a 
whole new class of insects, the course of development of the 
new class would be widely different from that of our exist- 
ing insects; and the 6 rst larval stage certainly would not 
represent the former condition of any adult and ancient 
form. 

On the other hand it is highly probable that with many 
animals the embryonic or larval stages show us, more or less 
completely, the condition of the progenitor of the whole 
group in its adult state. In the great class of the Crustacea, 
forms wonderfully distinct from each other, namely, suctorial 
parasites, cirripedes, entomostraca, and even the malacos- 
traca, appear at first as larvae under the nauplius-form; and 
as these larvse live and feed in the open sea, and are not 
adapted for any peculiar habits of life, and from other 
reasons assigned by Fritz MuUer, it is probable that at some 
\ery remote pericd an independent adult animal, resembling 
the Xauplius, existed, and subsequently produced, along sev- 
eral divergent lines of descent, the above-named great Crus- 
tacean groups. So again it is probable, from what we know 
of the embn,'os of mammals, birds, fishes, and reptiles, that 
these animals are the modified descendants of some ancient 
progenitor, which was furnished in its adult state with 
branchias, a swim-bladder, four fin-like limbs, and a long tail, 
all fitted for an aquatic life. 

As all the organic beings, extinct and recent, which have 
ever lived, can be arranged within a few great classes; and 
as all within each class have, according to our theor}", been 
connected together by fine gradations, the best, and, if our 
collections were nearly perfect, the only possible arrange- 
ment, would be genealogical; descent being the hidden bond 
of connexion which naturalists have been seeking under the 
term of the Xatural System. On this view we can under- 
stand how it is that, in the eyes of most naturalists, the 
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structure of the embryo is even more important for classi- 
fication than that of the adult In two or more groups of 
animals, however much they may dififer from each other in 
structure and habits in their adult condition, if they pass 
through closely similar embryonic stages, we may feel assured 
that they all are descended from one parent-form, and are 
therefore closely related* Thus, community in embr}’onic 
structure reveals community of descent; but dissimilarity in 
embryonic development does not prove discommunity of 
descent, for in one of two groups the developmental stages 
may have been suppressed, or may have been so greatly 
modified through adaptation to new habits of life, as to be 
no longer recognisable. Even in groups, in which the adults 
have been modified to an extreme degree, community of 
origin is often revealed by the structure of the larvae; we 
have seen, for instance, that cirripedes, though externally so 
like shell-fish, are at once known by their larvae to belong to 
the great class of crustaceans. As the embryo often shows 
us more or less plainly the structure of the less modified 
and ancient progenitor of the group, we can see why ancient 
and extinct forms so often resemble in their adult state thc 
embryos of existing species of the same class. Agassiz be- 
lieves this to be a universal law of nature; and we may hope 
hereafter to see the law proved true. It can, however, be 
proved true only in those cases in which the ancient state of 
the progenitor of the group has not been wholly obliterated, 
either by successive variations having supervened at a very 
early period of growth, or by such variations having been 
inherited at an earlier age than that at which they first ap- 
peared. It should also be borne in mind, that the law may 
be true, but yet, owing to the geological record not extending 
far enough back in time, may remain for a long period, or 
for ever, incapable of demonstration. The law will not 
strictly hold good in those cases in which an ancient form 
became adapted in its larvje state to some special line of life, 
and transmitted the same larval state to a whole group of 
descendants; for such larval will not resemble any still more 
ancient form in its adult state. 

Thus, as it seems to me, the leading facts in embryology, 
which are second to none in importance, are explained on 
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the principle of variations in the many descendants from 
some one ancient progenitor, having appeared at a not very 
early period of life, and having been inherited at a cor- 
responding period. Embryology rises greatly in interest, 
when we look at the embryo as a picture, more or less ob- 
scured, of the progenitor, either in its adult or larval state, 
of all the members of the same great class. 

RUDIMENTARY, ATROPHIED, AND ABORTED ORGANS 

Organs or parts in this strange condition, bearing the plain 
stamp of inutility, are extremely common, or even general, 
throughout nature. It would be impossible to name one of 
the higher animals in which some part or other is not in a 
rudimentary condition. In the mammalia, for instance, the 
males possess rudimentary mammae; in snakes one lobe of the 
lungs is rudimentary; in birds the “bastard-wing” may safely 
be considered as a rudimentary digit, and in some species the 
whole wing is so far rudimentary that it cannot be used for 
flight. What can be more curious than the presence of teeth 
in fcetal whales, which when grown up have not a tooth in 
their heads; or the teeth, which never cut through the gums, 
in the upper jaws of unborn calves? 

Rudimentary organs plainly declare their origin and mean- 
ing in various ways. There are beetles belonging to closely 
allied species, or even to the same identical species, which 
have either full-sized and perfect wings, or mere rudiments 
of membrane, which not rarely lie under wing-covers firmly 
soldered together; and in these cases it is impossible to 
doubt, that the rudiments represent wings. Rudimentary 
organs sometimes retain theìr potentiality: this occasionally 
occurs with the mammse of male mammals, which have been 
known to become well developed and to secrete milk. So 
again in the udders in the genus Bos, there are normally four 
developed and two rudimentary teats; but the latter iii our 
domestic cows sometimes become well developed and yield 
milk, In regard to plants the petals are sometimes rudimen- 
tary, and sometimes well-developed in the individuals of 
the same species. In certain plants having separated sexes 
Kòlreuter found that by crossing a species, in which the male 



RUDIMENTARY ORGANS 


491 


flowers included a rudiment of a pistil, with an hermaphro- 
dite specics, having^ of course a wcll-devcloped pistil, the 
rudiment in the hybrid ofìfspring was inuch increased in size; 
and this clearly shows that the rudimentary and perfect 
pistils are essentially alike in nature. An animal may pos- 
sess various parts in a perfeet state, and yet they may in one 
sense be rudimentary, for they are useless: thus the tadpole 
of tlie cominon Salamander or \\'’ater-ncwt, as Mr, G. H. 
Lewes remarks, '‘has gills, and passes its existence in the 
“water; but the Salamandra atra, which lives high up among 
'‘the mountains, brings forth its young full-formed. This 
“animal never livcs in the water. Yet if we open a gravid 
“female, we find tadpoles inside her with exquisitely feath- 
“ered gills; and when placed in water they swim about like 
“the tadpoles of the water-newt. Obviously this aquatic 
“organisation has no reference to the future life of the 
“animal, nor has it any adaptation to its einbryonic condition; 
“it has solely reference to ancestral adaptations, it rcpeats 
“a phase in the development of its progenitors.*’ 

An organ, serving for two purposes, may become rudimen- 
tary or iitterly aborted for one, even the inore important 
purpose, and remain perfectly efììcient for the other. Thus 
in plants, the officc of the pistil is to allow the pollen-tubes 
to reach the ovules within the ovarium. The pistil consists 
of a stigma supported on a style; but in some Compositic, 
the male florets, which of course cannot be fecundated, have 
a rudimentary pistil, for it is not crowned with a stigma; but 
the style rcmains wcll developed and is clothed in the usual 
manner with hairs, which serve to brush the pollen out of 
the surrounding and conjoiued anthers. Again, an organ 
inay become rudiinentary for its proper purpose, and be used 
for a distinct one: in certain fishes the swim bladder seeins 
to be rudimentary for its proper function of giving buoyancy, 
but has becoine converted inlo a nascent brcathing organ or 
lung. Many similar instanccs could be given. 

Useful organs, howcvcr little they may bc developed, un- 
less we havc reason to suppose that they were fonnorly more 
highly developed, ought not to be considered as rudimcntary. 
They may bc in a nascent condition. and in progress towards 
further development. Rudimcntary organs, on the other hand, 
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are either quite useless, such as teeth which never cut through 
the gums, or almost useless, such as the wìngs of an ostrìch, 
which serve merely as sails. As organs in this condition 
would formerly, when still less developed, have been of even 
less use, than at present, they cannot formerly have been 
produced through variation and natural selection, which acts 
solely by the preservation of useful modifications. They 
have been partially retained by the power of inheritance, and 
relate to a former state of things. It is, however, often 
difficult to distinguish between rudimentary and nascent 
organs; for we can judge only by analogy whether a part ìs 
capable of further development, in which case alone it de- 
serves to be called nascent. Organs in this condition will 
always be somewhat rare; for beings thus provided will 
commonly have been supplanted by their successors with the 
same organ in a more perfect state, and consequently will 
have become long ago extinct. The wing of the penguin 
is of high service, acting as a fin; it may, therefore, repre- 
sent the nascent state of the wing: not that I believe this to 
be the case; it is more probably a reduced organ, modified 
for a new function: the wing of the Apteryx, on the other 
hand, is quite useless, and is truly rudimentary. Owen con- 
siders the simple filamentary limbs of the Lepidosiren as the 
‘‘beginnings of organs which attain full functional develop- 
nient in higher vertebratesbut, according to the view lately 
advocated by Dr. Gunther, they are probably remnants, con- 
sisting of the persistent axis of a fin, with the lateral rays or 
branches aborted. The mammary glands of the Ornitho- 
rhynchus may be considerèd, in comparison with the udders 
of a cow, as in a nascent condition. The ovigerous frena of 
certain cirripedes, which have ceased to give attachment to 
the ova and are feebly developed, are nascent branchiae. 

Rudimentary organs in the individuals of the same species 
are very liable to vary in the degree of their development 
and in other respects. In closely allied species, also, the 
extent to which the same organ has been reduced occasionally 
differs much. This latter fact is well exemplified in the 
state of the wings of female moths belonging to the same 
family. Rudimentary organs may be utterly aborted; and 
this implies, that in certain animals or plants, parts are en- 
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tirely absent which analogy wonkl lead us to expect to find in 
them, and which are occasionally found in monstrous indì- 
viduals. Thus in most of the Scrophulariaceae the fifth 
stamen is utterly abortcd; yet we may conclude that a fifth 
stamen once existcd, for a rudimcnt of it is found in many 
species of the family, and this rudiment occasionally be- 
comes perfectly dcvelopcd, as may sometimes be seen in the 
common snap-dragon. In tracing the homologies of any 
part in dificrent members of the sanic class, nothing is more 
common, or, in order fully to undcrstand the relations of the 
parts, more useful than thc discovery of rudiments. This is 
well shown in the drawings given by Owen of the leg-boncs 
of the horsc, ox, and rhinoceros. 

It is an important fact that riidimentary organs, such as 
teeth in ihe upper jaws of whales and ruminants, can often 
be detectccl in thc cmbryo, but afterwards wholly disappear. 
Jt is also, I believe, a univcrsal rule, that a rudimcntary part 
is of greater si?e in the embryo relativcly to the adjoining 
parts, than in the adult; so tliat the organ at this early agc is 
less rudimentary, or even cannot bc said to be in any degree 
rudimentary. Hence rudimentary organs in the adult are 
often said to have retaincd thcir cmbryonic condition. 

I have now given the Icading facts with respect to rudi- 
mentary organs. In reflecting on thcm, every one must be 
struck with astonishment ; for the same reasoning powcr 
which tells us that most parts and organs are exquisitely 
adapted for certain purposcs, tells us with cqual plainness 
that these rudimentary or atrophied organs are imperfect and 
useless. In works on natural history, rudimentary organs 
are generally said to have been created “for the sake of 
symmetry,” or in order “to complete the scheme of nature.’^ 
But this is not an explanation, mercly a re-statcment of the 
fact. Nor is it consistent with itself: thus the boa-constrictor 
has rudiments of hind-limbs and of a pelvis, aud if it be 
said that thcse bones have been rctained “to complcte the 
scheme of nature,” why, as JTofessor Weismann asks, have 
they not been retained by other snakes, which do not possess 
even a vestige of thesc same boncs? What would bc thought 
of an astronomer who maintained that tlie satellitcs rcvolve 
in elliptic courses round thcir .planets ‘for the sake of sym- 
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metry,” because the planets thus revolve round the sun? An 
eminent physiologist accounts for the presence of rudimen- 
tary organs, by supposing that they serve to excrete matter 
in excess, or matter injurious to the system; but can we sup- 
pose that the minute papilla, which often represents the pistil 
in male flowers, and which is formed of mere cellular tissue, 
can thus act? Can we suppose that rudimentary teeth, which 
are subsequently absorbed, are beneficial to the rapidly grow- 
ing embryonic calf by removing matter so precious as phos- 
phate of lime? When a man’s fingers have been amputated, 
imperfect nails have been known to appear on the stumps, 
and T could as soon believe that these vestiges of nails are 
developed in order to excrete horny matter, as that the rudi- 
mentary nails on the fin of the manatee have been developed 
for this same purpose. 

On the view of descent with modification, the origin of 
rudimentary organs is comparatively simple; and we can 
understand to a large extent the laws governing their imper- 
fect development. • We have plenty of cases of rudimentary 
organs in our domestic productions,—as the stump of a tail 
in tailless breeds,—the vestige of an ear in earless breeds of 
sheep,—the reappearance of minute dangling horns in horn- 
less breeds of cattle, more especially, according to Youatt, in 
young animals,—and the state of the whole flower in the 
cauliflower. We often see rudiments of various parts iu 
monsters; but I doubt whether any of these cases throw 
light on the origin of rudimentary organs in a state of nature, 
further than by showing that rudiments can be produced; for 
the balance of evidence clearly indicates that species under 
nature do not undergo great and abrupt changes. But we 
learn from the study of our domestic productions that the 
disuse of parts leads to their reduced size; and that the result 
is inherited. 

It appears probable that disuse has been the main agent in 
rendering organs rudimentary. It would at first lead by slow 
steps to the more and more complete reduction of a part, 
until at last it became rudimentary,—as in the case of the 
eyes of animals inhabiting dark caverns, and of the wings 
of birds inhabiting oceanic ìslands, which have seldom been 
forced by beasts of prey to take flight, and have ultimately 
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lost the power of flying-. Again, an organ, useful unclcr cer- 
tain conditions, might bccome injurious undcr others, as with 
the wings of beetles living on small and exposed islands; 
and in this case natural selection will have aided in reducing 
the organ, until it was rendered harmless and rudimentary. 

Any change in structure and function, which can be effected 
by small stages, is within the power of natural selection; so 
that an organ rendered, through changed habits of life, use- 
less or injurious for one purposc, might be modified and used 
for another purpose. An organ might, also, be retained for 
one alone of its former fiuictions. Organs, originally formed 
by the aid of natiiral sclection, when rcndered useless may 
well be variable, for their variations can no longer be checked 
by natural selcction. AII this agrees well with what we see 
under nature. IMoreovcr, at whatcver period of life either 
disuse or selection reduccs an organ, and this will generally 
be when the being has come to maturity and has to exert 
its full powers of action, thc principle of inheritance at 
corresponding ages will tend to reprodiice thc organ in its 
reduced state at the same mature age, but will seldom affect 
it in the embryo. Thus we can understand the greater size 
of rudimentary organs in thc embryo relatively to the ad- 
joining parts, and their lesser relative size in the adult. If, 
for instance, the digit of an adult animal was used less and 
less during many generations, owing to some change of 
habits, or if an organ or gland was less*and less functionally 
exercised, we may infer that it would become reduced in size 
iii the adult descendants of this animal, but would retain 
nearly its original standard of development ìn the enibryo. 

There remains, however, this difficulty. After an organ has 
ceased being used, and has bccomc in consequcnce niuch re- 
duced, how can it be still further reduced in size until the 
merest vestige is left; and how can it be finally quite obliter- 
ated? It is searccly possible that disuse can go on producing 
any further effeet after the organ has once been rendered 
functionless. Some additional explantion is here requisite 
which I cannot give. If, for instaiice, it coiild be proved 
that every part of the organisation tcnds to vary in a greater 
degree towards diminution than towards augmentation of 
size, then we should be able to understand how an organ 





496 


ORIGIN OF SPECIES 


which has become useless would be rendered, indepcndently 
of the effects of disuse, rudimentary and would at last be 
wholly suppressed; for the variations towards diminished 
size would no longer be checked by natural selection. The 
principle of the economy of growth, explained in a former 
chapter, by which the materials forming any part, if not 
useful to the possessor, are saved as far as is possible, will 
perhaps come into play ig rendering a useless part rudimen- 
tary. But this principle will almost necessarily be confined 
to the earlier stages of the process of reduction; for we can- 
not suppose that a minute papilla, for instance, representing 
in a male flower the pistil of the female flower, and formed 
merely of cellular tissue, could be further reduced or ab- 
sorbed for the sake of economising nutriment. 

Finally, as rudimentary organs, by whatever steps they 
may have been degraded into their present useless condition, 
are the record of a fornier state of things, and have been 
retained solely through the power of inheritance,—we can 
understand, on the genealogical view of classification, how it 
is that systematists, in placing organisms in their proper 
places in the natural system, have often found rudimentary 
parts as useful as, or even sometimes more useful than, parts 
of high physiological importance. Rudimentary organs may 
be compared with the letters in a word, still retained in the 
spelling, but become useless in the pronunciation, but which 
serve as a clue for *its derivation. On the view of descent 
with modificatìon, we may conclude tliat the existence of 
organs in rudimentary, imperfect, and useless condition, or 
quite aborted, far from presenting a strange difficulty, as 
they assuredly do on the old doctrine of creation, might even 
have been anticipated in accordance with the views here 
explained. 

SUMMARY 

In this chapter I have attempted to show, that the arrange- 
ment of all organic beings throughout all time in groups 
under groups—that the nature of the relationships by which 
all living and extinct organisms are united by complex, radi- 
ating, and circuitous lines of affinities into a few grand 
classes,—the rules followed and the difficulties encountered 
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by naturalists in their classifìcations, — the value set upon 
characters, if constant ancl prcvaleiit, whcthcr of high or 
of the most trifling importancc, or, as with rudimentary 
organs, of no importance,— the wide opposition in value be- 
tween analogical or adaptive characters, and characters of 
true affinity; and othcr sucli riiles; — all natiirally follow if 
we admit the common parcntagc of allied forms, togcther 
with their modifìcation through variation and natiiral scleC' 
tion, with thc contingencies of cxtinction and divcrgcnce of 
character. In considcring this view of classifìcation, it 
should be borne in mind that the clement of desccnt has becn 
imiversally used in ranking together the sexcs, ages, dimor- 
phic forms, and acknowiedgcd varieties of thc same spccics, 
however much they may diffcr from cacli other in structure. 
If we extcnd the usc of this element of descent, — the one 
certainly known cause of similarity in organic bcings, — we 
shall understand what is meant by the Natural System: it is 
gencalogical in its attempted arrangcment, with the grades 
of acquircd difference marked by thc terms, varieties, spccies, 
genera, families, orders, and classes. 

On this same view of descent with modifìcation, most of 
the great facts in Morphology becomc intelligiblc, — whcther 
we look to the same pattern displaycd by the differcnt specics 
of the same class in their homologoiis organs, to whatever 
purpose applied; or to the serial and lateral homologies in 
each individual animal and plant. 

On the principle of successivc slight variations, not neccs- 
sarily or generally supcrvening at a vcry early pcriod of life, 
and being inherited at a corrcsponding pcriod, wc can undcr- 
stand the leading facts in Embryology; namcly, thc closc 
reseniblance in the individual embryo of the parts which are 
homologoiis, and which whcn matured bccomc widely dif- 
fercnt in structure and function; and thc rcscmblance of thc 
homologous parts or organs in allicd though distinct species, 
though fìtted in the adiilt state for habits as differcnt as is 
possible. Larvre are active cmbryos, which havc bccn spc- 
cially modificd in a greatcr or less dcgrcc in rclation to their 
habits of life, with their modifications inhcrited at a corrc- 
sponding carly agc. On thcsc samc principles,— and bcaring 
in mind that when organs arc rcduccd in sizc, eithcr froni 
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disuse or through natural selection, it will generally be at 
that period of life when the being has to provide for its own 
wants, and bearing in mind how strong is the force of in* 
heritance—the occurrence of rudimentary organs mìght even 
have been anticipated. The importance of embryological 
characters and of rudimentary organs in classification is 
intelligible, on the view that a natural arrangement must be 
genealogical. 

Finally, the several classes of facts which have been con- 
sidered in this chapter, seem to me to proclaim so plainly, 
that the innumerable species, genera and families, with which 
this world is peopled, are all descended, each within its own 
class or group, from common parents, and have all been 
modified in the course of descent, that I should without hesi- 
tation adopt this view, even if it were unsupported by other 
facts or arguments. 



CMAPTER X\^ 

Recapitulation and Conclusion 


Recapitulation of the objections to the theory of Natural Selection— 
Recapitulation of the general and special circumstances in its 
favour — Causcs of the general belief in the immutability of 
species — How far the theory of Natural Selection may be ex- 
tended—Effects of its adoption on the study of Natural History 
Concluding remarks. 

A S this whole volumc is one long argument. it niay be 
convenient to the reader to have the leading facts 
^ and inferences briefly recapitulated. 

That many and serious objections may be advanced against 
the theory of descent with modification through variation 
and natural selection, I do not deny. I have endeavoured to 
give to them their full force. Nothing at first can appear 
more difficult to believe than that the more complex organs 
and instincts have been perfected, not by means superior to, 
though analogous with, human reason, but by the accumu- 
lation of innumerable slight variations, each good for the 
individual possessor. Nevertheless, this difficulty, though 
appearing to our imagination insuperably great, cannot be 
considered real if we admit the following propositions, 
namely, that all parts of the organisation and instincts offer, 
at least, individual differenccs — that there is a struggle for 
existence leading to.the prescrvation of profitable deviations 
of structure or instinct — and, lastly, that gradations in tlic 
state of perfection of each organ may havc cxisted, each good 
of its kind. The truth of thesc propositions cannot, I think, 
be disputed. 

It Ìs, no doubt, extremely difficult cvcn to conjecture by 
what gradations many structurcs have been perfectcd, more 
especially amongst broken and failing groups of organic 
beings, which have suffered mnch extinction; but wc sce so 
many strange gradations iii naturc, that we ought to bc ex- 
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tremely cautious in saying that any organ or instinct, or any 
whole structure, could not have arrived at its present state by 
many graduated steps. There are^ it must be admitted, cases 
of special difficulty opposed to the theory of natural selec- 
tion; and one of the most curious of these is the existence in 
the same community of two or three defined castes of workers 
or sterile female ants; but I have attempted to show how 
these difficulties can be mastered. 

With respect to the almost universal sterility of species 
when first crossed, which forms so remarkable a contrast with 
the almost universal fertility of varieties when crossed, I 
must refer the reader to the recapitulation of the facts given 
at the end of the ninth chapter, which seem to me conclu- 
sively to show that this sterility is no more a special endow- 
ment than is the incapacity of two distinct kinds of trees to 
be grafted together; but that it is incidental on dififerences 
confined to the reproductive systems of the intercrossed 
species. We see the truth of this conclusion in the vast 
difiference in the results of crossing the same two species 
reciprocally,—that is, when one species is first used as the 
father and then as the mother. Analogy from the consider- 
ation of dimorphic and trimorphic plants clearly leads to the 
same conclusion, for when the forms are illegitimately united, 
they yield few or no seed, and their ofifspring are more or 
less sterile; and these forms belong to the same undoubted 
species, and dififer from each other in no respect except in 
their reproductive organs and functions. 

Although the fertility of varieties when intercrossed and 
of their mongrel ofifspring has been asserted by so many 
authors to be universal, this cannot be considered as quite 
correct after the facts given on the high authority of Gàrtner 
and Kòlreuter. Most of the varieties which have been ex- 
perimented on have been produced under domestication; and 
as domesticatìon (I do not mean mere confinement) almost 
certainly tends to eliminate that sterility which, judging from 
analogy, would have afifected the parent-species if inter- 
crossed, we ought not to expect that domestication would 
likewise induce sterility in their modified descendants when 
crossed. This elimination of sterility apparently fol- 
lows from the same cause which allows our domestic 
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animals to brccd frccly under divcrsified circumstanccs; and 
this again apparently follows from thcir having bcen grad- 
ually accustomcd to frcquent changcs in thcir conditions 
of life. 

A doublc and parallcl series of facts seems to throw m’uch 
light 011 the sterility of spccies, when first crossed, and of 
thcir hybrid offspring. On thc onc sidc, thcre is good rcason 
to believe that slight changes in the conditions of lifc givc 
vigour and fertility to all organic beings. \Vc know also 
that a cross betwcen thc distinct individuals of thc samc 
variety, and between distinct varietics, increases thc number 
of their offspring, and certainly givcs to them increascd size 
and vigour. This is chiefly owing to thc forms which are 
crossed having been cxposed to somcwhat different con- 
ditions of life; for I havc asccrtaincd by a laborious series of 
experiments that if all thc individuals of the samc varicty be 
subjected during several generations to the same conditions, 
the good derived from crossing is oftcn much diminished or 
wholly disappcars. This is one sidc of the casc. On the 
other side, we know that specics which havc long bcen ex- 
posed to nearly uniform conditions, whcn thcy arc subjected 
under confincment to new and greatly changed conditions, 
either perish, or if they survive, are rcndcred sterilc, though 
retaining perfcct health. This does not occur, or only in a 
vcry slight degree, with our domesticaicd productions, which 
have long been exposed to fluctuating conditions. Hence 
when we find that hybrids produced by a cross betwecn two 
distinct species are few in numbcr, owing to their perishing 
soon after conception or at a very carly age, or if surviving 
that they are rendered morc or Icss sterile, it scems highly 
probable that this result is due to thcir having bcen in fact 
subjected to a great change in their conditions of lifc, froni 
being compounded of two distinct organisations. He who 
will explain in a dcfinite manncr why, for instancc, an cle- 
phant or a fox will not breed undcr confineinent in its native 
country, whilst thc domcstic pig or dog will brced freely uiider 
the most diversified eonditions, wìll at the same time be ablc 
to givc a definite answer to the fpiestion why two distinct 
spccies, when crosscd, as well as thcir hybrid ofìfspring, are 
gcncrally rendcrcd morc or less stcrile, whilst two domesti- 
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cated varieties when crossed and their mongrel offspring are 
perfectly fertile. 

Turning to geographical distribution, the difficulties en- 
countered on the theory of descent with modification are 
serious enough. All the individuals of the same species, and 
all the species of the same genus, or even higher group, are 
descended from common parents; and therefore, in however 
distant and isolated parts of the world they may now be found, 
they must in the course of successive generations have 
travelled from some one point to all the others. We are 
often wholly unable even to conjecture how this could have 
been effected. Yet, as we have reason to believe that some 
species have retained the same specific form for very long 
periods of time, immensely long as measured by years, too 
much stress ought not to iDe laid on the occasional wide dif- 
fusion of the same species; for during very long periods 
there will always have been a good chance for wide migra- 
tion by many means. A broken or interrupted range may 
often be accounted for by the extinction of the species in the 
intermediate regions. It cannot be denied that we are as yet 
very ignorant as to the full extent of the various climatal 
and geographical changes which have affected the earth dur- 
ing modern periods; and such changes will often have faciH- 
tated migration. As an example, I have attempted to show 
how potent has been the influence of the Glacial period on 
the distribution of the same and of allied species throughout 
the world. We are as yet profoundly ignorant of the many 
occasional means of transport. With respect to distinct 
species of the same genus inhabiting distant and isolated 
regions, as the process of modification has necessarily been 
slow, all the means of migration will have been possible dur- 
ing a very long period; and consequently the difficulty of the 
wide dìffusion of the species of the same genus is in some 
degree lessened. 

As according to the theory of natural selection an inter- 
minable number of intermediate forms must have existed, 
linking together all the species in each group by gradations 
as fine as are our existing varieties, it may be asked, Why do 
we not see these linking forms all around us ? Why are not all 
organic beings blended together in an inextricable chaos? 
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With respect to existing forms, \ve should remember that \ve 
have no right to expcct (exccpting in rarc cases) to discovcr 
directly connecting links betwcen thcm, but only betwcen 
cach and sonie cxtinct and supplanted form. Even on a widc 
area, which has during a long period remained continuoiis, 
and of which the climatic and other conditions of life change 
insensibly in proceeding from a district occupicd by onc 
species into another district occupied by a closely allied 
spccies, we have no just right to expect often to find intcr- 
mediate varieties in the ìntermediatc zones. For we havc 
reason to believe that only a few species of a genus ever 
undergo change; the other species becoming utterly extinct 
and leaving no modified progeny. Of the specics which do 
change, only a few within the same country change at the 
same time; and all inodifications are slowly cffected. I have 
also shown that the intermediate varieties which probably at 
first existed in the intermcdiate zones, would be liable to be 
supplanted by the allied forms on either hand; for the latter, 
from existing in greater numbers, would generally be modi- 
fied and improved at a quicker rate than the intermediate vari- 
eties, which existed in lesser numbers; so that the inter- 
mediate varieties would, in the long run, be supplanted and 
exterminated. 

On this doctrine of the extermination of an infmitude of 
connecting links, between the living and extinct inhabitants 
of the world, and at each successive period between the 
cxtinct and still older species, why is not cvery geological 
formation charged with such links? Why does not ever)^ col- 
lection of fossil remains afford plain evidence of the grada- 
tion and mutation of the forms of life? Although geological 
research has undoubtedly revcalcd the former existence of 
many links, bringing numcrous forms of life much closer to- 
gcther, it does not yield the infinitcly many finc gradations 
betwecn past and present species required on the theory; and 
this is thc most obvious of thc many objcctions which may 
be urged against it. Why, again, do whole groups of allied 
species appear, though this appearance is often false, to have 
come in suddenly on the successivc gcological stages? Al- 
though we now know that organic bcings appeared on this 
globe, at a period incalculably remote, long beforc the lowest 
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bed of the Cambrian system was deposited, why do we not 
find beneath this system great piles of strata stored with the 
remains of the progenitors of the Cambrian fossils? For on 
the theory, such strata must somewhere have been deposited 
at these ancient and utterly unknown epochs of the world’s 
history. 

I can answer these questions and objections only on the 
supposition that the geological record is far more imperfect 
than most geologists believe. The number of specimens in 
all our museums is absolutely as nothing compared with the 
countless generations of countless species which have cer^ 
tainly existed. The parent-form of any two or more species 
would not be in all its characters directly intermediate be- 
tween its modified offspring, any more than the rock-pigeon 
is directly intermediate in crop and tail between its descend- 
ants, the pouter and fantail pigeons. We should not be able 
to recognise a species as the parent of another and modified 
species, if we were to examine the two ever so closely, unless 
we possessed most of the intermediate links; and owing to 
the imperfection of the geological record, we have no just 
right to expect tO' find so many links. If two or three, or 
even more linking forms were discovered, they would simply 
be ranked by many naturalists as so many new species, more 
especially if found in different geological sub-stages, let their 
differences be ever so slight. Numerous existing doubtful 
forms could be named which are probably varieties; but who 
will pretend that in future ages so many fossil links will be 
discovered, that naturalists will be able to decide whether or 
not these doubtful forms ought to be called varieties? Only 
a small portion of the world has been geologically explored. 
Only organic beings of certain classes can be preserved in a 
fossil condition, at least in any great number. Many species 
when once formed never undergo any further change but be- 
come extinct without leaving modified descendants; and the 
periods, during which species have undergone modification, 
though long as measured by years, have probably been short 
in comparison with the periods during which they retained 
the sanie form. It is the dominant and widely ranging species 
which vary most frequently and vary most, and varieties are 
often at first local—both causes rendering the discovery of 
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ìntermediate links in any one formation less likeiy. Local 
varieties will not spread into other and distant regions until 
they are considerably modified and improved; and when thcy 
have spread, and are discovered in a geological formation, 
they appear as if siiddeniy crcated thcre, and will be simply 
classed as new species. Most formations have been inter- 
mittent in their accumulation; and their duration has prob- 
ably been shorter than the average duration of specific forms. 
Successive formations are in most cases separated from each 
other by blank intervals of time of great lcngth; for fos- 
siliferous formations thick enough to resist future degrada- 
tion can as a general rule be accumulatcd only where much 
sediment is deposited on the subsiding bed of the sea. Dur- 
ing the alternate periods of elevation and of stationary level 
the record will generally be blank. During these latter 
periods there will probably be morc variability in the forms 
of life; during periods of subsidence, more extinction. 

With respect to the absence of strata rich in fossils beneath 
the Cambrian formation, I can recur only to the hypothesis 
given in the tenth chapter; namely, that though our conti- 
nents and oceans have endured for an enormous period in 
nearly their present relative positions, we have no reason to 
assume that this has aiways been the case ; consequcntly for- 
mations much older than any now known may lie buried be- 
neath the great oceans. With respect to the lapse of time 
not having been sufficient sincc our planet was consolidated 
for the assumed amount of organic change, and this objection, 
as urged by Sir William Thompson, is probably one of the 
gravest as yet advanced, I can only say, firstly, that we do 
not know at what rate species change as measured by ^^ears, 
and secondly, that many philosophers are not as yet willing 
to admit that we know enough of the constìtution of the uni- 
verse and of the interior of our globe to speculate with safety 
on its past duration. 

That the geological record is imperfect all will admit; but 
that it is imperfect to the degree required by our theory, fcw 
will be inclined to adrnit. If we look to long enough intervnls 
of tiine, gcology plainly declares that species have all 
changed; and they have changed in the manncr required by 
the theory, for they have changed slowly and in a graduated 
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manner. We clearly see this in the fossil remains from con- 
sccutive formations invariably being much more closely re- 
lated to each other, than are the fossils from widely separated 
formations. 

Such is the sum of the several chief objections and difìfì- 
culties which may be justly urged against the theory; and I 
have now briefly recapitulated the answers and explanations 
which, as far as I can see, may be given. I have felt these 
difììculties far too heavily during niany years to doubt their 
weight. But it deserves especial notice that the more im- 
portant objections relate to questions on which we are con- 
fessedly ignorant; nor do we know how ignorant we are. 
We do not know all the possible transitional gradations be- 
tween the simplest and the most perfect organs; it cannot be 
pretended that we know all the varied means of Distribution 
during the long lapse of years, or that we know how imper- 
fect is the Geological Record. Serious as these several ob- 
jections are, in my judgment they are by no means sufììcient to 
overthrow the theory of descent with subsequent modification. 

Now let us turn to the other side of the argument. Under 
domestication we see much variability, caused, or at least 
excited, by changed conditions of life; but often in so obscure 
a manner, that we are tempted to consider the variations as 
spontaneous. Variability is governed by many complex laws, 
—by correlated growth, compensation, the increased use and 
disuse of parts, and the definite action of the surrounding 
conditions. There ìs much difficulty in ascertaining how 
largely our domestic productions have been modified; but we 
may safely infer that the amount has been large, and that 
modification can be ìnherited for long perìods. As long as 
the conditions of life remain the same, we have reason to 
believe that a modificatìon, whìch has already been inherited 
for many generations, may continue to be inherited for an 
almost infinite number of generations. On the other hand, 
we have evidence that variability when it has once come into 
play, does not cease under domestication for a very long 
period; nor do we know that it ever ceases, for new varieties 
are still occasionally produced by our oldest domesticated 
productions. 
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Variability is nol acUially caiised by tnan; he only uninten- 
tionally exposes organic beings to new conditions of life, and 
then nature acts on the organisation and causes it to vary. 
Dut nian can and docs select thc variations given to him by 
natiire, and thus accumulates them in any desired manncr. 
Ile thus adapts animals and plants for his own benefit or 
pleasure. He inay do this methodically, or he may do it 
unconsciously by preserving the individuals most useful or 
pleasing to him without any intention of altering the breed. 
It is certain that he can largcly influence the character of a 
breed by selecting. in each succcssive generation, individual 
differences so slight as to be inappreciable except by an edu- 
cated eye. This unconscious process of selection has been 
the great agency in the formation of the most distinct and 
useful domestic breeds. That many breeds produced by man 
have to a large extent thc character of natural species, is 
shown by the inextricable doubts whether many of them are 
varieties or aboriginally distinct species. 

There is no reasoii why the principles which have acted so 
efficiently under domestication should not have acted under 
nature. In the survival of favoured individiials and races, 
during the constantly-recurrent Struggle for Existence, we 
see a powerful and ever-acting form of Selection. The 
struggle for existence inevitably follows from the high geo- 
metrical ratio of increase which is common to all organic 
beings. This high rate of increase is proved by calculation,— 
by the rapid increase of many animals and plants during a 
succession of peculiar seasons, and when naturalised in new 
countries. IMore individuals are born than can possibly sur- 
vive. A grain in the balance may determine which indi- 
viduals shall live and which shali die,—whicli variety or 
species shall increase in number, and which shall decrease, 
or fìnally become extinct. As the individuals of the same 
species come in all respects into the closest competition with 
each other, the struggle will generally bc most sevcre between 
them; it will be almost equally severe between the varieties 
of the same species, and next in severity between the species 
of the same genus. On the other hand the struggle will often 
be severe between beings remote in the scale of nature. The 
slightest advantage in certain individuals, at any age or dur- 
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ìng any season, over those with which they come into com- 
petition, or better adaptation in however slight a degree to 
the surrounding physical conditions, will, in the long run, 
turn the balance. 

With animals having separated sexes, there will be in most 
cases a struggle between the males for the possession of the 
females. The most vigorous males, or those which have most 
successfully struggled with their conditions of life, will gen- 
erally leave most progeny. But success will often depend on 
the males having special weapons, or means of defence, or 
charms; and a slight advantage will lead to victory. 

As geology plainly proclaims that each land has undergone 
great physical changes, we might have expected to find that 
organic beings have varied under nature, in the same way as 
they have varied under domestication. And if there has been 
any variability under nature, it would be an unaccountable 
fact if natural selection had not come into play. It has often 
been asserted, but the assertion is incapable of proof, that the 
amount of variation under nature is a strictly limited quan- 
tity. Man, though acting on external characters alone and 
often capriciously, can produce within a short period a great 
result by adding up mere individual differences in his domes- 
tic productions; and every one admits that species present 
individual differences. But, besides such differences, all nat- 
uralists admit that natural varieties exist, which are consid- 
ered sufficiently distinct to be worthy of record in systematic 
works. No one has drawn any clear distinction between in- 
dividual differences and slight varieties; or between more 
plainly marked varieties and sub-species, and species. On 
separate continents, and on different parts of the same con- 
tinent when divided by barriers of any kind, and on outlying 
islands, what a multitude of forms exist, which sonie experi- 
enced naturalists rank as varieties, others as geographical 
races or sub-species, and others as distinct, though closely 
allied species! 

If then, animals- and plants do vary, let it be ever so slightly 
or slowly, why should not variations or individual differences, 
which are in any way beneficial, be preserved and accumu- 
lated through natural selection, or the survival of the fittest ? 
If maii can by patience select variations useful to him, why. 
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undcr clianging and complex coiuiitions of lifc, should not 
variations useful to uaturc’s living products oftcn arisc, and 
be prcscrved or selectcd? What liniit can be put to this powcr, 
acting during long agcs and rigidly scrutinising the whole 
constitution, structure, and habits of each creaturc,—favour- 
ing the good and rejecting the bad? I can see no limit to 
this power, in slowly and bcautifully adapting each form to 
the most complex relations of life. The theory of natural 
selection, even if we look no farther than this, secms to be 
in the highest degree probable. I have alrcady recapitulated, 
as fairly as I could, the opposed difficulties and objections: 
now let us turn to the special facts and arguments in favour 
of the theory. 

On the view that species are only strongly marked and 
permanent varieties, and that each specics first existed as a 
variety, we can see why it is that no line of demarcation can 
be drawn between species, commonly supposed to have becn 
produced by special acts of crcation, and varieties which are 
acknowledged to have been produced by secondary laws. On 
this same view we can understand how it is that in a region 
where many specics of a genus have been produccd, and 
where they now flourish, these same species should present 
many varieties; for where the manufactory of species has 
been active, we might expect, as a general rule, to find it still 
in action; and this is the case if varieties be incipient species. 
Moreover, the species of the larger genera, which afford the 
greater number of varieties or incipient species, retain to a 
certain degree the character of varieties; for they differ from 
each other by a less amount of difference than do the species 
of smaller genera. The closely allied species also of the 
larger genera apparently have restricted ranges, and in their 
affinities they are clustered in little groups round other 
species — in both respects resembling varieties. Thcse are 
strange relations on the view that each species was inde- 
pendently created, but are intelligible if each existed first as 
a variety. 

As each species tends by its geomctrical rate of rcproduc- 
tion to increase inordinately in numbcr; aiid as the niodified 
descendants of each species will bc enablcd to increase by as 
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much as they become more diversified in habits and structure, 
so as to be able to seize on many and widely different places 
in the economy of nature, there will be a constant tendency 
in natural selection to preserve the most divergent offspring 
of any one species. Hence, during a long-continued course 
of modification, the slight differeiices characteristic of varie- 
ties of the same species, tend to be augmented into the greater 
differences characteristic of the species of the same genus. 
New and improved varieties will inevitably supplant and ex- 
terminate the older, less improved, and intermediate vari- 
eties; and thus species are rendered to a large extent defined 
and distinct objects. Dominant species belonging to the 
larger groups within each class tend to give birth to new and 
dominant forms; so that each large group tends to become 
still larger, and at the same time more divergent in char- 
acter. But as all groups cannot thus go on increasing in 
size, for the world would not hold them, the more dominant 
groups beat the less dominant. This tendency in the large 
groups to go on increasing in size and diverging in character, 
together with the inevitable contingency of much extinction, 
explains the arrangement of all the forms of life in groups 
subordinate to groups, all within a few great classes, which 
has prevailed throughout all time. This grand fact of the 
grouping of all organic beings under what is called the Nat- 
ural System, is utterly inexplicable on the theory of creation. 

As natural selection acts solely by accumulating slight, 
successive, favourable variations, it can produce no great or 
sudden modifications; it can act only by short and slow steps. 
Hence, the canon of “Natura non facit saltum,'' which every 
fresh addition to our knowledge tends to confirm, is on this 
theory intelligible. We can see why throughout nature the 
same general end is gained by an almost infiiiite diversity of 
means, for every peculiarity when oiice acquired is long in- 
herited, and structures already modified in many different 
ways have to be adapted for the same general purpose. We 
can, in short, see why nature is prodigal in variety, though 
niggard in innovation. But why this should be a law of 
nature if each species has been Ìndependently created no man 
can explain. 

Many other facts are, as it seems to me, explicable on 
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this theory. How strangc it is that a bird, under thc form 
of a woodpecker, should prey on insects on thc ground; that 
upland gccsc which rarely or never swim, should posscss 
wcbbcd feet; that a thrush-like bird should divc and feed 
on sub-aquatic insects; and that a petrcl shoiild havc the 
habits and structure fìtting it for the lifc of an auk ! and so 
in endlcss otlier cascs. But on the vicw of each spccies 
constantly trying to increase in number, with natural selec- 
tion always ready to adapt thc slowly varying descendants of 
each to any unoccupied or ill-occupied place in nature, these 
facts cease to be strange, or might even have been antici- 
pated. 

Wc can to a certain cxtent understand how it is that there 
is so much beauty throughout nature; for this may be largely 
attributed to thc agency of selcction. That beauty, accord- 
ing to our sensc of it, is not universal, must bc admitted by 
every one vvho will look at some vcnomous snakes, at some 
fìshes, and at certain hideous bats with a distorted resem- 
blance to the human face. Sexual selection has given the 
most brilliant colours, elegant patterns, and other ornaments 
to the inales, and sometimes to both sexes of many birds, 
buttcrflies, and other animals. With birds it has often ren- 
dered the voice of the male musical to the female, as well as 
to our ears. Flowers and fruit have been rendered con- 
spicuous by brilliant colours in contrast with the green foli- 
age, in order that the flowers may be easily seen, visited, 
and fertilised by insects, and the seeds disseminated by birds. 
How it comes that certain colours, sounds, and forms should 
give pleasure to man and the lower animals,—that is, how 
the sense of beanty in its simplest form was fìrst acquired,— 
we do not know any more thaii how certain odours and 
flavours were fìrst rendered agreeable. 

As natural selection acts by competition, it adapts and 
improves the inhabitants of each country only in relation to 
their co-inhabitants; so that we need feel no surprise at thc 
species of any one country, although on the ordinary view 
supposed to have been created and specially adapted for that 
country, being bcaten and supplantcd by tlie naturalised pro- 
ductions from another land. Nor ought we to marvcl if all 
the contrivances in nature be not, as far as we can judgc, 
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absolutely perfect, as in the case even of the human eye; or 
if some of them be abhorrent to our ideas of fitness. We 
need not marvel at the sting of the bee, when used against 
an enemy, causing the bee’s own death; at drones being 
produced in such great numbers for one single act, and being 
then slaughtered by their sterile sisters; at the astonishing 
waste of pollen by our fir-trees; at the instinctive hatred of 
the queen-bee for her own fertile daughters; at ichneumon- 
idae feeding within the living bodies of caterpillars; or at 
other such cases. The wonder indeed is, on the theory of 
natural selectioU;, that more cases of the want of absolute 
perfection have not been detected. 

The complex and little known laws governing the produc- 
tion of varieties are the same, as far as we can judge, with 
the laws which have governed the production of distinct 
species. In both cases physical conditions seem to have pro- 
duced some direct and definite eft'ect, but how much we can- 
not say. Thus, when varieties enter any new station, they 
occasionally assume some of the characters proper to the 
species of that station. With both varieties and species, use 
and disuse seem to have produced a considerable efìfect; for 
it is impossible to resist this conclusion when we look, for 
instance, at the logger-headed duck, which has wings in- 
capable of flight, in nearly the same condition as in the do- 
mestic duck; or when we look at the burrowing tucu-tucu, 
which is occasionally blind, and then at certain moles, which 
are habitually blind and have their eyes covered with skin; 
or when we look at the blind animals inhabiting the dark 
caves of America and Europe. With varieties and species, 
correlated variation seems to have played an important part, 
so that when one part has been modified other parts have 
been necessarily modified. With both varieties and species, 
reversions to long-lost characters occasionally occur. How 
inexplicable on the theory of creation is the occasional ap- 
pearance of stripes on the shoulders and legs of the several 
species of the horse-genus and of their hybrids ! How simply 
is this fact explained if we believe that these species are all 
dcscended from a striped progenitor, in the same manner as 
the several domestic breeds of the pigeon are descended 
from the blue and barred rock-pigeon! 
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On the ordinary view of each species having been inde- 
pendently created, why should specific characters, or those 
by which the species of the same genus differ from each 
other, be more variable than generic characters in which 
they all agrce? Why, for instance, should the colour of a 
flower be more likely to vary in any one species of a genus, 
if the other species possess differently coloured flowers, than 
if all possessed the same coloured flowers? If species aro 
only well-marked varieties, of which the characters have be- 
come in a high degree permanent, we can understand this 
fact; for they have already varied since they branched off 
from a common progenìtor in certain characters, by which 
they have come to be specifically distinct from each other; 
therefore these same characters would be more likely again 
to vary than the generic characters which have been in- 
herited without change for an immense period. It is inex- 
plicable on the theory of creation why a part developed in a 
very unusual manner in one species alone of a genus, and 
therefore, as we may naturally infer, of great importance to 
that species, should be eminently liable to variation; but, on 
our view, this part has undergone, since the several species 
branched off from a common progenitor, an unusual amount 
of variability and modification, and therefore we might ex- 
pect the part generally to be still variable. But a part inay 
be developed iii the most unusual manner, like the wing of a 
bat, and yet not be more variable than any other structure, 
if the part be common to many subordinate forms, that is, if 
it has been inherited for a very long period; for in this case 
it will have been rendered constant by long-continued natural 
selection. 

Glancing at instincts, marvellous as some are, they offer 
no greater difficulty than do corporeal structures on the 
theory of the natural selection of successive, slight, but 
profitable modifications. We can thus understand why nature 
moves by graduated steps in endowing different animals of 
the same class with their several instincts. I have attempted 
to show how much light the j)rinciple of gradation throws 
on the admirable architectural powers of ihe hive-bee. Habit 
no doubt often comes into play in modifying instincts; but 
it certainly is not indispensable, as we see in the case of 
Q—HC XI 
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neuter insects, which leave no progeny to inherit the effects 
of long-continued habit. On the view of all the species of 
the same genus having descended from a common parent, 
and having inherited much in common, we can understand 
how it is that allied species, when placed under widely dif- 
ferent conditions of life, yet follow nearly the same in- 
stincts; why the thrushes of tropical and temperate South 
America, for instance, line their nests with mud like our 
British species. On the view of instincts having been slowly 
acquired through natural selection, we need not marvel at 
some instincts being not perfect and liable to mistakes, and 
at many instincts causing other animals to suffer. 

If species be only well-marked and permanent varieties, 
we can at once see why their crossed offspring should follow 
the same complex laws in their degrees and kinds of resem- 
blance to their parents,—^in being absorbed into each other 
by successive crosses, and in other such points,—as do the 
crossed oftspring of acknowledged varieties. This similarity 
would be a strange fact, if species had been independently 
created and varieties had been produced through secondary 
laws. 

If we admit that the geological record ìs imperfect to an 
extreme degree, then the facts, which the record does give, 
strongly support the theory of descent with modifìcation. 
New species have come on the stage slowly and at succes- 
sive intervals; and the amount of change, after equal inter- 
vals of time, is widely different in different groups. The 
extinction of species and of whole groups of species, which 
has played so conspicuous a part in the history of the organic 
world, almost inevitably follows from the principle of nat- 
ural selection; for old forms are supplanted by new and 
improved forms. Neither single species nor groups of 
species reappear when the chaìn of ordinary generation is 
once broken. The gradual diffusion of dominant forms, with 
the slow modification of their descendants, causes the forms 
of life, after long intervals of time, to appear as if they had 
changed simultaneously throughout the world, The fact of 
the fossil remains of each formation being in some degree 
intermediate in character between the fossils in the forma- 
tions above and below, is simply explained by their inter° 
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mediate position in the chain of descent. The grand fact 
that all extinct beings can be classcd with all recent bcings, 
naturally follows from the living and the extinct being the 
offspring of common parents. As species have generally 
diverged in character during their long course of descent 
and niodification, we can understand why it is that the more 
ancient forms, or early progenitors of each group, so often 
occupy a position in some degree intermediate between ex- 
isting groups. Recent forms are generally looked upon as 
being, on the whole, higher in the scale of organisation than 
ancient forins; and they must be higher, in so far as the 
later and more improved forms have conquered the older and 
less improved fornis in the struggle for life; they have also 
generally had their organs more specialised for dififerent 
functions. This fact is perfectly compatible with numerous 
beings still retaining siinple and but little improved struc- 
tures, fitted for simple conditions of life; it is likewise com- 
patible with some forms having retrograded in organisation, 
by having become at each stage of descent better fitted for 
new and degraded habits of life. Lastly, thc wonderful law 
of the long endurance of allied forms on the same conti- 
nent,—of marsupials in Australia, of edentata in America, 
and other such cases, is intelligible, for within the same coun- 
try the existing and the extinct will be closely allied by 
descent. 

Looking to geographical distribution, if we admit that 
there has been during the long course of ages much migra- 
tion from one part of the world to another, owing to former 
climatal and geographical changes and to the many occa- 
sional and unknown means of dispcrsal, then we can under- 
stand, on the theory of descent with modification, most of 
the great leading facts in Distribution. We can see why 
thcre should be so striking a parallclism in the distribution 
of organic beings throughout space, and in their geological 
succession throughout time; for in both cases the beings 
have been connected by the bond of ordinary generation, and 
the means of modification have been the same. We see the 
full meaning of the wonderful fact, which has struck every 
traveller, namely, that on the same continent, under the most 
diverse conditions, under heat and cold, on mountain and 
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lowland, on deserts and marshes, most of the inhabitants 
within each great class are plainly related; for they are the 
descendants of the same progenitors and early colonists. 
On this same principle of former migration, combined in 
most cases with modifìcation, we can understand, by the aid 
of tlie Glacial period, the identity of some few plants, and 
the close alliance of many others, on the most distant moun- 
tains, and in the northern and southern temperate zones; 
and likewise the close alliance of some of the inhabitants 
of the sea in the northern and southern temperate latitudes, 
though separated by tlie whole intertropical ocean. Al- 
though two countries may present physical conditions as 
closely similar as the same species ever require, we need feel 
no surprise at their inhabitants being widely different, if 
they have been for a long period completely sundered from 
each other; for as the relation of organism to organism is 
the most important of all relations, and as the two countries 
will have received colonists at various periods and in differ- 
ent proportions, from some other country or from each other, 
the course of modification in the two areas will inevitably 
have been different. 

On this view of migration, with subsequent modification, we 
see why oceanic islands are inhabited by only few species, 
but of these, why many are peculiar or endemic forms. We 
clearly see why species belonging to those groups of animals 
which cannot cross wide spaces of the ocean, as frogs and 
terrestrial mammals, do not inhabit oceanic islands; and 
why, on the other hand, new and peculiar species of bats, 
animals which can traverse the ocean, are often found on 
islands far distant from any continent. Such cases as the 
presence of peculiar species of bats on oceanic islands and 
the absence of all other terrestrial mammals, are facts utterly 
inexplicable on the theory of independent acts of creatìon. 

The existence of closely allied or representative species 
in any two areas, implies, on the theory of descent with modi- 
fication, that the same parent-forms formerly inhabited both 
areas: and we almost invariably find that wherever many 
closely allied species inhabit two areas, some identical 
species are still common to both. Wherever many closely 
allied yet distinct species occur, doubtful forms and vari- 
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eties belonging to the same groups likewise occur. It is a 
rule of high generality that the inhabitants of each area are 
related to the inhabitants of the nearest source whence im- 
migrants might have derived. \Ve see this in the striking 
relation of nearly ali the plants and animals of the Gala- 
pagos archipelago, of Juan Fernandez, and of the other 
American islands, to the plants and animals of the neigh- 
bouring American mainland; and of those of the Cape de 
\'erde archipelago. and of the other African islands to the 
African mainland. It must be admitted that these facts 
receive no explanation on the theory of creation. 

The fact, as we have seen, that all past and present or- 
ganic beings can be arranged within a few great classes, in 
groups subordinate to groups, and with the extinct groups 
often falling in tetween the recent groups. is intelligible on 
the theor}- of natural selecrion v.-ith its contingencies of ex- 
tinction and divergence of character. On these same prin- 
ciples we see how it is, that the mutual afnnities of the forms 
within each class are so complex and circuitous. \Ve see 
why cenain characters are far raore 5en.'iceable than others 
for classification;—why adaptive characters. though of para- 
mount importance to the beings, are of hardly any impor- 
tance in classiucaticn: why characters derived from rudi- 
mentar}- parts. though cf no sen.*ice to the beings, are often 
of high classifìcaton.- value; and why embn.-ological charac- 
ters are often the most valuable of all. The real afnnities 
of all organic beings, in contradistinction to their adaptive 
resemblances, are due to inheritance or communin’ of de- 
scent. The Xatural System is a genealogical arrangement, 
with the acquired grades of difierence. marked by the terms, 
varieties, species, genera, families. &:c.: and we have to dis- 
cover the lines of descent by the most permanent characters 
whatever they may be and of how’ever slight vital impor- 
lance. 

The similar framew'ork of bones in the hand of a m.an, 
w'ing of a bat, hn of a porpoise, and leg of the horse, — the 
same number of vertebrae forming the neck of the giraffe 
and of the elephant,—and innumerable other such facts, at 
once explain themselves on the theor>' of descent with slow' 
and slight successive m.odihcations. The sirailarity of pat- 
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tern in the wing and in the leg of a bat, though used for 
such difìferent purpose,—in the jaws and legs of a crab,— 
in the petals, stameiis, and pistils of a flower, is likewise, to 
a large extent, intelligible on the view of the gradual modi- 
fication of parts or organs, which were aboriginally alike in 
an early progenitor in each of these classes. On the prin- 
ciple of successive variations not always supervening at an 
early age, and being inherited at a corresponding not early 
period of life, we clearly see why the embryos of mammals, 
birds, reptiles, and fishes should be so closely similar, and so 
unlike the adult forms. We may cease marvelling at the 
embryo of an air-breathing mammal or bird having branchial 
slits and arteries running in loops, like those of a fish which 
has to breathe the air dissolved in water by the aid of well- 
developed branchiae. 

Disuse, aided sometimes by natural selection, will often 
have reduced organs when rendered useless under changed 
habits or conditions of life; and we can understand on this 
view the meaning of rudimentary organs. But disuse and 
selection will generally act on each creature, when it has 
come to maturity and has to play its full part in the struggle 
for existence, and will thus have little power on an organ 
during early life; hence the organ will not be reduced or 
rendered rudimentary at this early age. The calf, for in- 
stance, has inherited teeth, which never cut through the 
gums of the upper jaw, from an early progenitor having well- 
developed teeth; and we may believe, that the teeth in the 
mature animal were formerly reduced by disuse, owing to 
the tongue and palate, or lips, having become excellently 
fitted through natural selection to browse without their aid; 
whereas in the calf, the teeth have been left unaffected, and 
on the principle of inheritance at corresponding ages have 
been inherited from a remote period to the present day. On 
the view of each organism with all its separate parts having 
been specially created, how utterly inexplicable is it that 
organs bearing the plain stamp of inutility, such as the teeth 
in the embryonic calf or the shrivelled wings under the sol- 
dered wing-covers of many beetles, should so frequently 
occur. Nature may be said to have taken pains to reveal 
her scheme of modification, by means of rudimentary organs, 
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of embryological and homologous structures, but we are too 
blind to undcrstand her meaning. 

I have now recapitulated the facts and considerations 
which have thoroughly convinced me that species have been 
modified, during a long course of descent. This has been 
effected chiefìy through the natural selection of numerous 
successive, slight, favourable variations; aided in an im- 
portant manner by the iiiherited effects of the use and dis- 
iise of parts; and in an unimportant nianner, that is in rela- 
tion to adaptive structures, whether past or present, by the 
direct action of external conditions, and by variations which 
seem to us in our ignorance to arise spontaneously. It ap- 
pears that I formerly underrated the frequency and value of 
these latter forms of variation, as leading to permanent modi- 
fications of structurc independently of natural selection. 
But as my conclusions have lately been much misrepre- 
sented, and it has been stated that I attribute the modifica- 
tion of species exclusively to natural selection, I niay be per- 
mitted to remark that in the first edition of this work, and 
subsequently, I placed in a most conspicuous position— 
namely, at the close of the Introduction the following words: 
‘T am convinced that natural selcction has been the main 
but not the exclusive means of modification.’' This has been 
of no avail. Great is the power of steady misrepresenta- 
tion; but the history of science shows that fortunately this 
power does not long cndure. 

It can hardly be supposed that a falsc theory would ex- 
plain, in so satisfactory a manner as does the theory of nat- 
ural selection, the several large classes of faets above speci- 
fied. It has recently becn objccted that this is an unsafe 
method of arguing; but it is a method used in judging of 
the common events of life, and has often been used by the 
greatest natural philosophers. The undulatory theory of 
light has thus been arrived at: and the belief in the revolu- 
tion of the earth on its own axis was until lately supported 
by hardly any direct evidence. It is no valid objection that 
science as yet throws no light on the far higher problem of 
the essence or origin of life. Who can explain what is the 
essence of the attraction of gravity? No one now objects 
to following out the results consequent on this unknown 
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element of attraction; notwithstanding that Leibnitz for- 
merly accused Newton of introducing ‘'occult qualities and 
miracles into philosophy/^ 

I see no good reason why the views given in this volume 
should shock the religious feelings of any one. It is satis- 
factory, as showing how transient such impressions are, to 
remember that the greatest discovery ever made by man, 
namely, the law of the attraction of gravity, was also at- 
tacked by Leibnitz^ “as subversive of natural, and inferen- 
tially of revealed, religion.” A celebrated author and divine 
has written to me that ‘‘he has gradually learnt to see that 
it is just as noble a conception of the Deity to believe that 
He created a few original forms capable of self-develop- 
ment into other and needful forms, as to believe that He 
required a fresh act of creation to supply the voids caused 
by the action of His laws.” 

Why, it may be asked, until recently did nearly all the 
most eminent living naturalists and geologists disbelieve in 
the mutability of species. It cannot be asserted that organic 
beings in a state of nature are subject to no variation; it 
cannot be proved that the amount of variation in the course 
of long ages is a limited quantity; no clear distinction has 
been, or can be, drawn between specìes and well-marked 
varieties. It cannot be maintained that species when inter- 
crossed are invariably sterile, and varieties invariably 
fertiie; or that sterility is a special endowment and sign of 
creation. The belief that species were immutable produc- 
tions was almost unavoidable as long as the history of the 
world was thought to be of short duration; and now that we 
have acquired some idea of the lapse of time, we are too apt 
to assume, without proof, that the geological record is so 
perfect that it would have afforded us plain evidence of the 
mutation of species, if they had undergone mutation. 

But the chief cause of our natural unwillingness to admit 
that one species has given birth to other and distinct species, 
is that we are always slow in admitting great changes of 
which we do not see the steps. The difficulty is the same as 
that felt by so many geologists, when Lyell first insisted that 
long lines of inland clifìfs had been formed, and great valleys 
excavated, by the agencies which we see still at work. The 
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mind cannot possibly grasp the full nieaning of the term of 
even a million years; it cannot add up and perceive the full 
effects of many slight variations, accumulated during an 
almost infinite numl)er of generations. 

Although I am fully convinced of the truth of the views 
given in this volume under the form of an abstract, I by no 
means expect to convince experienced naturalists whose 
rninds are stocked with a multitude of facts all viewed, 
during a long course of years, from a point of view directly 
opposite to mine. It is so easy to hide our ignorance under 
such expressions as the “plan of creation/’ “unity of design,” 
&c., and to think that wc givc an explanation when we only 
rC’State a fact. Any one whose disposition leadr him to 
attach more weight to unexplained difficultics than to the 
explanation of a certain numbcr of facts will certainly rejcct 
the theory. A few naturalists, cndowcd with much flexibility 
of mind, and who have alrcady begun to doubt the immu- 
tability of spccies, niay be influenced by this volumc; but I 
look with confidence to thc future,—to young and rising 
naturalists, who will be able to view both sides of tlie ques- 
tion with impartiality. Whoevcr is led to believe that species 
are mutable will do good service by conscicntiously express- 
ing his conviction; for thus only can the load of prejudice by 
which this subjcct is overwhelnied be reinoved. 

Several eminent naturalists havc of late publishcd their be- 
lief that a multitude of reputed species in each genus are 
not real species; but that other spccies are rcal, that is, have 
been independentiy created. This seems to me a strange con- 
clusion to arrivc at. They admit that a multitude of forms, 
which till lately they themselves thought were spccial crca- 
tions, and which are still thus lookcd at by the majority of 
naturalists, and which conscqucntly have all thc cxternal 
characteristic features of true specics,—they admit that these 
have been produced by variation, but thcy refuse to extend 
the same view to other and slightly diffcrent forms. Never- 
theless they do not pretend that thcy can dcfinc, or cven con- 
jecture, which are the created fornis of life, and which are 
those produced by sccondary laws. They admit variation as 
a vcra caiisa in one case, thcy arbitrarily reject it in another, 
without assigning any distinction iu the two cases. The day 
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will come when this will be given as a curìous illustration of 
the blindness of preconceived opinion. These authors seem 
no more startled at a miraculous act of creation than at an 
ordinary birth. But do they really believe that at innu- 
merable periods in the earth's history certain elemental atoms 
have been commanded suddenly to flash into living tissues? 
Do they believe that at each supposed act of creation one 
individual or many were produced? Were all the infinitely 
numerous kinds of animals and plants created as eggs or 
seed, or as full grown? and in the case of mammals, were 
they created bearing the false marks of nourishment from 
the mother’s womb? Undoubtedly some of these same ques- 
tions cannot be answered by those who believe in the appear- 
ance or creation of only a few forms of life, or of some 
one form alone. It has been maintained by several authors 
that it is as easy to believe in the creation of a million beings 
as of one; but Maupertuis' philosophical axiom ‘‘of least 
action” leads the mind more willingly to admit the smaller 
number; and certainly we ought not to believe that innu- 
merable beings within each great class have been created 
with plain, but deceptive, marks of descent from a single 
parent. 

As a record of a former state of things, I have retained in 
the foregoing paragraphs, and elsewhere, several sentences 
which imply that naturalists believe in the separate creation 
of each species; and I have been much censured for having 
thus expressed myself. But undoubtedly this was the general 
belief when the first edition of the present work appeared. 
I formerly spoke to very many naturalists on the subject of 
evolution, and never once met with any sympathetic agree- 
ment. It is probable that some did then believe in evolution, 
but they were either silent, or expressed themselves so am- 
biguously that it was not easy to understand their meaning. 
Now things are wholly changed, and almost every naturalist 
admits the great principle of evolution. There are, however, 
some who still think that species have suddenly given birth, 
through quite unexplained means, to new and totally differ- 
ent forms: but, as I have attempted to show, weighty evi- 
dence can be opposed to the admission of great and abrupt 
modifications. Under a scientific point of view, and as lead- 
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ing to furthcr invcstigation, biit little advantagc is gained 
by believing that new forms are suddenly dcveloped in an 
inexplicable manner from old and widely differcnt forms, 
over the old belief in the creation of spccics from the dust o£ 
the carth. 

It may be asked how far I extend the doctrine of the modi' 
fication of species. Thc question is difficult to answcr, be- 
cause the more distinct the forms are which we considcr, by 
so much the arguments in favour of community of descent 
become fewer in numbcr and less in force. But some 
arguments of the greatest wcight cxtend very far. All 
the members of wholc classes are connected togethcr by 
a chain of affinitics, and all can be classed on the same 
principle, in groups subordinate to groups. Fossil remains 
sometimes tend to fill up very wide intervals between exist- 
ing orders. 

Organs in a rudimentary condition plainly show that an 
early progenitor had Ihe organ in a fully dcveloped condi- 
tion; and this in some cases iinplies an cnormous amount of 
modification in the descendants. Throughout whole classes 
various structures are formed on the saine pattern, and at a 
very early age the einbryos closely resemble each other. 
Therefore I cannot doubt that the theory of descent with 
modification embraces all the ineinbcrs of the same great 
class or kingdom. I belicve that animals arc descended from 
at most only four or five progcnitors, and plants from an 
equal or lcsser nuinber. 

Analogy would lead me one step farthcr, nainely, to the 
belief that all animals and plants arc descended from some 
one prototype. But analogy may be a deceitful gnide. Ncvcr- 
theless all living things have much in coininon, in their 
chemical coinposition, their cellnlar structure, their laws of 
growth, and their liability to injurious influenccs. \Ve sec 
this even in so trifling a fact as that thc saine poison often 
similarly affccts plants and aniinals; or that the poison se- 
creted by ihe gall-fly produces monstrons growths on the 
wild rose or oak-tree. With all rrganic hcings, excepting 
perhaps some of the very lowest, sexnal rcproduction seenis 
to be essentially similar. With all, as far as is at prcsent 
known, the germinal vcsicle is thc sanic; so that all organisms 
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start from a common origin. If we look even to the two 
main divisions—namely, to tlie animal and vegetable king- 
doms—certain low forms are so far intermediate in character 
that naturalists have disputed to which kingdom they should 
be referred. As Professor Asa Gray has remarked, “the 
spores and other reproductive bodies of many of the lower 
algae may claim to have fìrst a characteristically animal, 
and then an unequivocal vegetable existence.” Therefore, 
on the principle of natural selection with divergence of char- 
acter, it does not seem incredible that, from some such low 
and intermediate form, both animals and plants may have 
been developed; and, if we admit this, we must likewise ad- 
mit that all the organic beings which have ever lived on this 
earth may be descended from some one primordial form. 
But this inference is chiefly grounded on analogy, and it is 
immaterial whether or not it be accepted. No doubt it is 
possible, as Mr. G. H. Lewes has urged, that at the first 
commencement of life many different forms were evolved; 
but if so, we may conclude that only a very few have left 
modified descendants. For, as I have recently remarked in 
regard to the members of each great kingdom, such as the 
Vertebrata, Articulata, &c., we have distinct evidence in 
their embryological, homologous, and rudimentary structures, 
that within each kingdom all the members are descended 
from a single progenitor. 

When the views advanced by me in this volume, and by 
Mr. Wallace, or when analogous views on the origin of spe- 
cies are generally admitted, we can dimly foresee that there 
will be a considerable revolution in natural history. Sys- 
tematists will be able to pursue their labours as at present; 
but they will not be incessantly haunted by the shadowy 
doubt whether this or that form be a true species. This, l 
feel sure and I speak after experience, will be no slight re- 
lief. The endless disputes whether or not some fifty species 
of British brambles are good species will cease. Systematists 
will have only to decide (not that this will be easy) whether 
any form be sufficiently constant and distinct from other 
forms, to be capable of definition; and if definable, whether 
the differences be sufficiently important to deserve a specific 
name. This latter point will become a far more essential 
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considcration ihan it is at prescnt; for diffcrcnces, however 
slight, bctwccn any two forms, if not blcnded by intcrmc- 
diate gradations, are looked at by most naturalists as suffi- 
cient to raise both forms to the rank of species. 

Hereafter wc shall be compelled to acknowledge that the 
only distinction between species and well-marked varieties is, 
that the latter are known, or believed, to be connected at the 
present day by intermcdiate gradations whereas species were 
formerly thus connected. Hcnce, without rejecting the con- 
sideration of the present existence of intermediate grada- 
tions between any two forms, we shall be led to weigh more 
carefully an'd to value higher the actual amount of difference 
between them. It is quite possible that forms now generally 
acknowledged to be merely varicties may hereafter be 
thought worthy of specifìc names; and in this case scientific 
and common language will come into accordance. In short, 
we shall have to treat species in the same manner as those 
naturalists treat genera, who admit that gcnera are merely 
artificial combinations made for convcniencc. This may not 
be a cheering prospect; but we shall at lcast be freed from 
the vain search for the undiscovered and undiscoverable 
essence of the term species. 

The other and more general departments of natural history 
will rise greatly in intcrest. Thc terms used by naturalists, 
of affinity, relationship, community of type, paternity, mor- 
phology, adaptive charactcrs, rudimcntary and aborted 
organs, &c., will cease to be metaphorical, and will have a 
plain signification. When we no longer look at an organic 
being as a savage looks at a ship, as something wholly be- 
yond his comprehension ; whcn we regard evcry prodiiction 
of nature as one which has had a long history; when we 
contemplate every complcx structure and instinct as the 
sumniing up of many contrivances, cach useful to the pos- 
sessor, in the same way as any great mechanical invention 
ìs the summing up of the labour, the experience, the reason, 
and even the blunders of numerous workmen; when we 
thus view cach organic being, how far more interesting— I 
spcak from experience—does the study of natural Iiistory 
bccomc! 

A grand and almost untrodden ficld of iuquiry will be 
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opened, on the causes and laws of variatìon, on correlation, 
on the effects of use and disuse, on the direct action of ex- 
ternal conditions, and so forth. The study of domestic pro- 
ductions will rise immensely in value. A new variety raised 
by man will be a more important and interesting subject for 
study than one more species added to the infinitude of already 
recorded species. Our classifications will come to be, as far 
as they can be so made, genealogies; and will then truly give 
what may be called the plan of creation. The rules for 
classifying will no doubt become simpler when we have a 
definite object in view. We possess no pedigrees or armorial 
bearings; and we have to discover and trace the many di- 
verging lines of descent in our natural genealogies, by char- 
acters of any kind which have long been inherited. Rudi- 
mentary organs will speak infallibly with respect to the 
nature of long-lost structures. Species and groups of species 
which are called aberrant, and which may fancifully be 
called living fossils, will aid us in forming a picture of the 
ancient forms of life. Embryology will often reveal to us 
the structure, in some degree obscured, of the prototypes of 
each great class. 

When we can feel assured that all the individuals of the 
same species, and all the closely allied species of most genera, 
have within a not very remote period descended from one 
parent, and have migrated from some one birth-place; and 
when we better know the many means of migration, then, by 
the light which geology now throws, and will continue to 
throw, on former changes of climate and of the level of the 
land, we shall surely be enabled to trace in an admirable 
manner the former migrations of the inhabitants of the whole 
world. Even at present, by comparing the differences be- 
tween the inhabitants of the sea on the opposite sides of a 
continent, and the nature of the various inhabitants on that 
continent in relation to their apparent means of immigration, 
some light can be thrown on ancient geography. 

The noble science of Geology loses glory from the extreme 
imperfection of the record. The crust of the earth with its 
imbedded remains must not be looked at as a well-filled 
museum, but as a poor collection made at hazard and at rare 
intervals. The accumulation of each great fossiliferous for- 
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mation will be rccognisecl as having depended on an unusual 
concurrence of favourable circumstances, and the blank in- 
tcrvals between the successivc stages as having becn of vast 
diiration. But we shall be able to gauge with some security 
the diiration of these intervals by a comparison of the pre- 
ccding and succecding organic forms. W'c must be cautious 
in attempting to correlate as strictly contemporaneous two 
formations, which do not includc many identical species, by 
the general succession of the forms of Ìife. As species are 
produced and extcrminated by slowly acting and still exist- 
ing causes, and not by miraculous acts of creation; and as 
the most important of all causes of organic change is one 
which is almost indepcndent of altered and perhaps sud- 
denly altered physical conditions, namely, the mutual rela- 
tion of organism to organism,—thc improvement of one 
organism entailìng the iraprovement or the extermination 
of others; it follows, that thc amoimt of organic change in 
the fossils of consecutive formations probably serves as a 
fair measure of the rclativc, though not actual lapse of 
time. A number of species, howevcr, keeping in a body 
might remain for a long period unchangcd, whilst within 
the same period, several of these species by migrating into 
new countries and coming into competition wnth foreign 
associates, niight become modified; so that wc must not 
overrate the accuracy of organic change as a measure of 
time. 

In the future I see open fields for far more important re- 
searches. Psychology will be sccurely based on the founda- 
tion already well laid by Mr. Herbert Spencer, that of the 
necessary acqiiirement of each mental power and capacity by 
gradation. Much light will be thrown on thc origin of man 
and his history. 

Authors of the highest eminence seem to be fully satisfied 
with the view that each species has been independently cre- 
ated. To my mind it accords better with what we know of 
the laws impressed on matter by the Creator, that the pro- 
duction and extinction of the past and prcscnt inhabitants 
of the world should have bcen due to sccondary causcs, like 
thosc dctermining the birth and dcath of the individual. 
W’hcn I vicw all bcings not as special creations, but as thc 
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lineal descendants of some few beings which lived long be- 
fore the first bed of the Canibrian system was deposited, 
they seem to me to become ennobled, Judging from the past, 
we niay safely infer that not one living species will transmit 
its unaltered likeness to a distant futurity. And of the 
species now living very few will transmit progeny of any 
kind to a far distant futurity; for the manner in which all 
organic beings are grouped, shows that the greater number 
of species in each genus, and all the species in many genera, 
have left no descendants, but have become utterly extinct. 
We can so far take a prophetic glance into futurity as lo 
foretell that it will be the common and widely-spread species, 
belonging to the larger and dominant groups within each 
class, which will ultimately prevail and procreate new and 
dominant species. As all the living forms of life are the 
lineal descendants of those which lived long before the Cam- 
brian epoch, we may feel certain that the ordinary succes- 
sion by generation has never once been broken, and that no 
cataclysm has desolated the whole world. Hence we may 
look with some confidence to a secure future of great length. 
And as natural selection works solely by and for the good 
of each being, all corporeal and mental endowments will tend 
to progress towards perfection. 

It is interesting to contemplate a tangled bank, clothed 
with many plants of many kinds, with birds singing on the 
bushes, with various insects flitting about, and with worms 
crawling through the damp earth, and to reflect that these 
elaborately constructed forms, so differeiit from each other, 
and dependent upon each other in so complex a manner, have 
all been produced by laws acting around us. These laws, 
taken in the largest sense, being Growth with Reproduction; 
Inheritance which is almost implied by reproduction; Varia- 
bility from the indirect and direct action of the conditions of 
life, and from use and disuse: a Ratio of Increase so high as 
to lead to a Struggle for Life, and as a consequence to 
Natural Selection, entailing Divergence of Character and the 
Extinction of less-improved forms. Thus, from the war of 
nature, from famine and death, the most exalted object 
which we are capable of conceiving, namely, the production 
of the higher animals, directly follows. There is grandeur in 
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this view of life, with its several powers, having been origi- 
nally breathed by the Creator into a few forms or into one; 
and that, whilst this planet has gone cycHng on according 
to the fixed law of gravity, from so simple a beginning end- 
less forms most beautiful and most wonderful have been, and 
are being evolved. 



GLOSSARY 

OF TIIE 

PRINCIPAL SCIENTIFIC TERMS USED IN THE 
PRESENT VOLUME* 


Aherrant —Forms or groni)s of animals or plants which deviate in important 
characters from their nearest allies, so as not to be easily included in 
the same group with them, are said to be aberrant. 

Abcrration^ (in Optics) —In the refraction of light by a convex lens the rays 
passing through difiterent parts of the lens are brought to a focus at 
slightJy different distances—this is callcd spherical aberration; at the 
same time the coloured rays are separated by the prismatic action of 
the lens and likewise brought to a focus at different distances—this 
is cìiromatic abcrration. 

Abnormal —Contrary to the general rule. 

Abortcd —An organ is said to be aborted whcn its development bas been 
arrested at a very early stage. 

Albinism —Albinos are animals in which the usual colouring matters char- 
acteristic of the species have not been j)roduced in thc skin and its 
appendages. Albinism is the state of being an albino. 

Algcc —A class of plants including the ordinary sea-weeds and thc filamentous 
fresh-water weeds. 

Alterjiation of Gencrations —^This term ìs applied to a pcculiar modc of 
reproduction which prevails among many of the fower animals, in 
which the egg produces a living form quite different from its parent, 
but from which the parent-form is reproduced by a process of budding, 
or by the division of the substance of the first product of the egg. 

Ammomtes —A group of fossil, spiral, chambered shells, allied to the exist- 
ing pearly Nautilus, but having the j^artitions between the chambers 
waved in complicated patterus at their junction with the outer wall 
of the shell. 

Analogy —The resemblance of structures which depends upon similarity of 
function, as in the wings of insects and birds. Such structures are 
said to be analogous, and to be analogues of each other. 

Ammaìcule—A minute animal: generally applied to thosc visible only by 
the microscope. 

Annelids —A class of worms in which the surface of the body exhibits a 
more or less distìnct division into rings or scgments, general!y pro- 
vided with appendages for locomotion and with gills. It includes the 
ordinap^ marinc worms, the earthworms, and the leechcs. 

Antenncc —^.Tointed organs appended to the head in Insects, Crustacca, and 
Centipedes, and not belonging to the mouth. 

Anthers —-The summits of the stamens of flowers, in which the pollen or 
fertilizing dust is produced. 

Aplacentalia, Aplaccntata or Aplaccntaì Mammaìs —See "Mammalia. 

Archctypal —Of or bclonging to the Archetype, or ideal primitive form upon 
which all the beings of a group seem to be organized. 

Articulata —A great division of the Animal Kingdom characterizcd generally 
by having the surface of the body dividcd int^ rings callcd scgments, 
a greater or less number of which are furnished witli jointed legs 
(such as Insects, Crustaceans, and Centipedes). 

Asymmetrical —Having the two sides unlike. 

Atrophicd —Arrested in dcvelopmcnt at a very early stagc. 

* I am indebted to the kindness of Mr. W. S. Dallas fqr this Glossary, 

which has been given because scveral readcrs have complaiucd to me that 

some of thc tcrms used were unintelligible tq them. Mr. Dallas has endcav- 

oured to give the explanations of thc tcrms in as popular a form as possible. 
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Balanus —^The genus including the common Acorn-shells which live in 
abundance on the rocks of the sea-coast. 

Batrachians—A class of animals allied to the Reptiles, but undergoing a 
peculiar metamorphosis, in which the young animal is generally 
aquatic and breathes by gills. {Examples, Frogs, Toads, and Newts.) 

Boulders —Large transported blocks of stone generally embedded in clays or 
gravels. 

Brachiopoda —class of marine Mollusca, or soft-bodied animals, furnished 
with a bivalve shell, attached to submarine objects by a stalk which 
passes through an aperture in one of the valves, and furnished with 
fringed arms, by the action of which food is carried to the mouth. 

Branchico —Gills or organs for respiration in water. 

Branchial —Pertaining to gills or branchise. 


Cambrian System —A series of _very ancient Palaeozoic rocks, between the 
Laurentian and the Silurian. Until recently these were regarded as 
the oldest fossiliferous rocks. 

Canidcc —The Dog-family, including the Dog, Wolf, Fox, Jackal, &c. 

Carapace —The shell enveloping the anterior part of the body in Crustaceans 
generally; applied also to the hard shelly pieces of the Cirripedes. 

Carbomferous —This term is applied to the great formation which includes, 
among other rocks, the coal measures. It belongs to the oldest, or 
PaljEozoic, system of formations. 

Caudal —Of or belonging to the tail. 

Cephalopods —'The highest class of the Mollusca, or soft-bodied animals, 
characterized by having the mouth surrounded by a greater or less 
nuraber of fleshy arms or tentacles, which, in most living species, are 
furnished with sucking-cups. (Examples, Cuttle-fish, Nautilus.) 

Cetacca —An order of Mammalia, inc’uding the Whales, Dolphins, &c., 
having the form of the body fish-Iike, the skin naked, and onìy the 
forelimbs developed. 

Chelonia —An order of Reptiles, includìng the Turtles, Tortoises, &c. 

Cirnpedes —An order of Crustaceans including the Barnacles and Acorn- 
shells. Their young resemble those of many other Crustaceans in 
fo^; but when mature they are always attached to other objects, 
either directly or by means of a stalk, and their bodies are enclosed 
by a calcareous shell composed of several pieces, two of which can 
open to give issue to a bunch of curled, jointed tentacles, which rep- 
resent the limbs. 

The genus of Insects ìncluding the Cochineal. In these the male 
is a minute, winged fly, and the female generally a motionless, berry- 
like mass. 

Cocoon —A case usually of sìlky material, in which insects are frequently 
^veloped during the second or resting stage (pupa) of their existence. 
The term “ cocoon-stage ” is here used as equivalent to “ pupa-stage.” 

Coclospermous —A term applied to those fruits of the Umbelliferae which 
have the seed hollowed on the inner face. 

Coleoptera —^Beetles, an order of Insects, having a biting mouth and the first 
pair of wings more or less horny, forming sheaths for the second pair, 
and usually raeeting in a straight line down the middle of the back. 

Column—A peculiar organ in the flowers of Orchids, in which the stamens, 
style and stigma (or the reproductive parts) are united, 

Compositw or Compositous Plants —Plants in which the inflorescence con- 
sists of nnmerous small flowers (florets) brought together into a dense 
, which is enclosed by a common envelope. (Examples 

the Daisy, Dandelion, &c.) 

Conferva: —^The filamentous weeds of fresh water. 

Conglomerate —A rock made up of fragments of rock or pebbles, cemented 
together by some other material. 

Corolla ^The second envelope of a flower, usually composed of coloured, 
leat-like organs (petaJs), which may be unHed by their edges either 
in the basal part or throughout. 

Correlatwn —The normal coincidence of one phenoraenon, character, &c., 
with another. ’ 

Corymb—A bunch of flowers in which those springing from the lower part 
ot the flower stalk are supported on long stalks so as to be nearly on 
a level with the upper ones. 
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Cotyledons —The first or seed-Ieavcs of plants. 

Crùstaccans —A class of articulated animals, having the skin of the body 
generally more or less hardened by the deposition of calcareous matter, 
breathing by means of gills. {Examplcs, Crab, Lobster, Shrimp, &c.) 

Curciilio —The old generic term for the Keetles known as Weevils, charac- 
terizcd by iheir four-jointed feet, and by the head being produced into 
a sort of beak, upon the sides of which the antennae arc inserted. 

Cutaneoiis —Of or belonging to the skin. 


Degradation —The wearìng down of land by thc action of the sea or of 
meteoric agcncies. 

Dcnudation —^The wearing away of the surface of the land by water, 

Dcvonian System or Formation —A series of Palaeozoic rocks, including the 
Old Red Sandstone. 

Dicotyledons or Dicotyledonous Plants —'A class of plants characterìzed by 
having two seed leaves, by the formation of new wood between the 
bark and the old wood (oxogenous growth), and by the reticulation 
of the veins of the lcaves. The parts of the flowers are gcnerally in 
multiples of five. 

Diffcrcntiation —The separation or discrimination of narts or organs which 
in simpler forms of life are more or less united. 

Dimorphic —Having two distinct forms.—Dimorphisni is the condition of the 
appearance of the same species under two dissimilar forms. 

Diircious —Havìng the organs of the sexes upon distinct indlviduals. 

Diorite —A peculiar form of Greenstone. 

Dorsal —Of or belonging to the back. 


Edentata —A peculiar order of Quadrupeds, characterized by the absence of 
at least the middle incisor (front) teeth in both jaws. {Examplcs, the 
Sloths and Armadillos.) 

Elytra —The hardened fore-wings of Beetles, serving as sbeaths for the mem- 
branous hìnd-wings, whicli constitute the true organs of flight. 

Embryo — The young animal undergoing development wìthin the egg or 
womb. , , , 

Embryology — The study of the development of the embryo. 

Endemic — Peculiar to a given locality. 

Entomostraca — A division of the class Crustacea, having all the segments 
of the body usually distinct, gi’ls attached to the feet or organs of 
the mouthj and the feet fringed with fine hairs. They are generally 
of smal’. size. 

Eocene —•The earliest of the three divisions of the Tertìary epoch of geolo- 
gìsts. Rocks of this age contain a small proportion of shells idcntical 
with species now living. 

Ephemero'JS Insects —Insects allìed to the May-fly. 


Fauna —The totality of the animals naturally inhabiting a certain country 
or region, or which have lived during a given geological period. 

Fclidfc —The Cat-family. 

Feral —Having becomc wild from a state of cultivation or domestication. 

Flora —The totality of the plants growing naturally in a country, or during 
a given geological period. 

Florcts —Flowers imperfectly deyeloped in some rcspects, and collected into 
a dense spikc or head, as in the Gra.sses, the Dandelion, &c. 

Fcctal —Of or hclonging to the foetus, or cmhryo in course of devclopment. 

Foraminifcra —A class of animals of very low organization, and gencrally 
of small size, having a jelly-like body, from the surface of which deli- 
cate fìlaments can be given ofl and retracted for the prehcnsion of 
extcrnal objects, and having a calcarcous or sandy shell, usually 
divided into chambers, and perforated with small apcrtures. 

Fossiliferous —Containing fossils. 

Fossorial —Ilaving a faculty of digging. The Fossorial Ilymcnoptcra are a 
group of Wasp-like Insects, which hurrow in sandy soil to makc nests 
for their young. 

Frcnum {pl. Frena) —A sinall band or fold o£ skin. 
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Fioigi (sing, Fiingus) —A class of cellular plants, of whìch Mushrooms, 
Toadstools, and Moulds are familiar examples. 

Furcula —The forked bone formed by the union of the collar-bones in raany 
birds, such as the common Fowl. 


Gallinaceous Birds —An order of Birds of which the common Fowl, Turkey, 
and Pheasant are well-known examples. 

Gallits —The genus of birds which includes the common Fowl. 

Ganglion —A swelling or knot from which nerves are given off as from a 
centre. 

Ganoid Fishcs —Fishes^ covered with peculiar enamelled bony scales. Most 
of them are extinct. 

Germinal Vesicle —A minute vesicle in the eggs of aniraals, frora which the 
development of the embryo proceeds. 

Glacial Period —A period of great cold and of enormous extensìon of ice 
upon the surface of the earth. It is believed that glacial periods have 
occurred repeatedly during the geological history of the earth, but 
the terra is generally applied to the close of the Tertiary epoch, when 
nearly the whole of Europe was subjected to an arctìc climate. 

Gland —An organ which secretes or separates some peculiar product frora 
the blood or sap of animals or plants. 

Glottis —The opening of the windpipe into the cesophagus or gullet. 

Gnciss —A rock approaching granite in composition, but more or less lami- 
nated, and really produced by the alteration of a sedimentary deposit 
after its consolidation. 

Grallatores —^The so-called Wading-bìrds (Storks, Cranes, Snipes, &c.), wbich 
are generally furnished with long legs, bare of feathers above the 
heel, and have no membranes between the toes. 

Granite —A rock consisting essentially of crystals of felspar and mica in a 
mass of quartz. 


Habitat —The locality in which a plant or animal naturally lives. 

Hemiptera —An order or sub-order of Insects, characterized by the posses- 
sion of a jointed heak or rostrum, and by having the fore-wings 
horny in the basal portion and membranous at the extremity, where 
they cross each other. This group includes the various species 
of Bugs. 

Hcrmaphroditc —Possessing the organs of both sexes. 

Homology —That relation between parts which results from their develop- 
ment from corresponding embryonic parts, either in different animals, 
as in the case of the arm of man, the fore-Ieg of a quadruped, and 
the wing of a bird; or in the same individual, as in the case of the 
fore and hind legs in quadrupeds, and the segments or rings and 
their appendages of which the body of a worm, a centipede, &c., is 
composed. The latter is called serial homology. The parts which 
stand in such a relation to eacli other are said to be homologotis, 
and one such part or organ ìs called the homologue of the other. In 
different plants the parts of the flower are homologous, and in general 
these parts are regarded as homologous with leaves. 

Hotnopteror —An order or sub-order of Insects having (like the Heraiptera) 
a jointed beak, but in which the fore-wings are either wholly mem- 
branous or wholly leathery. The Cicada^, Frog-hoppers, and Aphides, 
are well-known examples. 

Hybrid —The offspring of the union of two distinct species. 

Hymenoptera —An order of Insects possessing bìting jaws and ufeually four 
membranous wings in which there are a few veins. Bees and Wasps 
are familiar examples of this group. 

Hypertrophied —Excessively developed. 


Iclmeumonidce —A family of Hymenopterous insects, the merabers of which 
lay their eggs in the bodies or eggs of other insects. 

Iniago —The perfect (generally winged) reproductive state of an insect. 
Indigens —The aboriginal animal or vcgetable inhabitants of a country or 
region. 
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Intìorescence —^The mode of arrangement of the flowers of plants. ^ 
Infusoria —A class of raieroscopic Animalcules, so called from their having 
originally been observed in infusions of vegetable matters. They con- 
sist of a gelatinous material enclosed in a delieate membrane, ihe 
whole or part of which is furnished with short vibrating hairs (called 
ciHa), by means of whieh the aniinalcules swim througli the water or 
convey the minute particles of thcir food to the orifice of the mouth. 
Inscctivorous —Feeding on Inscets. , , . , , 

Invcrtebrata, or Invertebrate Amntals —Those animals which do not possess 
a baekbone or spinal coluinn. 


Lacuncr —Spaces left among the tissues in some of the lower animals, and 
servmg in place of vessels for the circulation of the fluids of the body. 

LamcUatcd —Furnished with laniellae or little plates. 

Larva {pl. Larvcc') —The first condition of an insect at its issuing from the 
egg, when it is usually in the forra of a grub, caterpillar, or maggot. 

Larynx —The upper part of the windpipe opening into the gullct. 

Laurentian —A group of greatly altered and very ancient rocks, which is 
greatly developed along the course of the St. Laurence, whence the 
name. It is in these that the earliest known traces of organic bodies 
have been found. 

Leguminosat —An order of plants represented by the common Peas and 
Peans, having an irregular flower in which one petal stands up like 
a wing, and tbe stamens and pistil are cnclosed in a sheath formed 
hy two other petals. The fruit is a pod (or legume). 

Lemuridcr —'A group of four-handed animals, distinct from the Monkeys 
and approaching the Insectivorous Quadrupeds in some of theìr char- 
aeters and habits. Its members have the nostrils curved or twìsted, 
and a ciaw instead of a nail upon the first finger of the hind hands. 

Lcpidoptera —An crder of Insects, characterized by the possession of a 
spiral proboscis, and of four large more or less sealy wings. It 
ìncludes the well-known Butterflies and Moths. 

Littaral —Inhabiting the seashore. 

I^oess —A marly deposit of recent (Post-Tertiary) date, which occupies a 
great part of the valley of the Rhine. 


Malacostraca—The higher division of the Crustacea, including the ordinary 
Crabs, Lobsters, Shrimps, &c., together with the Woodlice and Sand- 

The highest class of animals, ineluding the ordinary hairy 
quadrupeds, the Whales, and Man, and characterized by the produc- 
tion or living young which are nourished after birth by milk from 
the teats {Mammce, Mammary glands) of the mother. A striking di_f- 
ference in embryonic development has led to the divisìon of this 
class into two great groups, in one of these, when the embryo has 
attained a certain stage, a vascular connection, called the placenta, 
is formed between the embryo and the mother; in the other this is 
wanting, and the young are produced in a very incomplete state. 
The former, including the greater part of the class, are called 
Placental mammals; the lattcr, or Aplaccntal mammals, include the 
Marsupials and Monotrcmes (Òrnithorhynchus). 

Mammiferous — Ilaving mammai or teats (see Mammapia), 

Mandibles, in Insects —^The first or uppermost pair of javvs,^ which are 
generally solid, horny, biting organs. In Birds the term is applied to 
both j'aws w'ith their horny coverings. In Quadrupeds thc luandiblc is 
properly the lower jaw. ^ . 

Marsupials —An order of Mammalia in which the young are born m a very 
incomplete state of developraent, and carried the mother, while 
sueking, in a ventral poueh (marsupium), sucn as the Kangaroos, 
Opossums, &c, (see ^Iammalia). ^ 

MaxiUcc, in Insects—The second or lower pair of jaws, which are coraposed 
of several joints and furnished with pcculiar jointed appendages called 
palpi, or feelers. , , , ^ i • 

Melanism —The opposite of albinism; an undue dcvelopment ot colouring 
material in the skin and its appendages. 
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Metamorphic E/cks —Sedimentary rocks which haTC undergone alteration, 
generally by the action of heat, subsequently to their deposition and 
consolidation. 

Mollusca--Onc oi the great divisions of the Anìnial Kingdom, includìng 
those animals which have a soft hody, usually furnished with a shell, 
and in which the nervous ganglia, or centres, present no definìte gen- 
eral arrangement. Tliey are generally known under the denoraination 
of “ shell-fish the cuttle-fish, and the common snails, whelks, 
oysters, mussels, and cockles, may serve as examples of them. 

Monocotyledons, or Monocotyledonous Plants —Plants in which the seed 
sends up only a single seed-Ieaf (or cotyledon); characterìzed by the 
absence of consecutive layers of wood in the stera (endogenous 
growth), by the veins of the leaves being generally straight, and 
by the parts of the flowers being generally in multiples of three. 
{Examples, Grasses, Lilies, Orchids, Palms, &c.) 

Moraines —The accuraulations of fragments of rock brought down by 
glaciers. 

Morphology —The law of form or structure independent of function. 

Mysis-stage —A stage in the development of certaìn Crustaceans (Prawns), 
in which they closely resemhle the adults of a genus iMysis) belong- 
ing to a slightly lower group. 

Nascent —Commencìng development. 

Natatory —Adapted for the purpose of swimming. 

Naupliiis-form —The earliest stage In the development of many Crustacea, 
especially belonging to the lower groups. In this stage the aniraai 
has a short body, with indistinct indications of a divisìon into seg- 
ments, and three pairs of fringed limbs. This form of the common 
fresh-water Cyclops was described as a distinct genus under the name 
of Nauplius. 

Neuration —The arrangement of the veins or nervures in the wings of 
Insects. 

Neuters —Imperfectly developed feraales of certain social insects (such as 
Ants and Bees), which perform all the lahours of the community. 
Hence they are also called workers. 

Nictitating Membrane —A semi-transparent membrane, which can be drawn 
across the eye in Birds and Reptiles, either to moderate the effects 
of a strong light or to sweep particles of dust, &c., from the surface 
of the eye. 

Ocelli —The simple eyes or stemmata of Insects, usually situated on thc 
crown of the head between the great compound eyes. 

CEsophagus —^The gullet. 

Oolitie —’A great series of secondary rocks, so called from the texture of 
some_ of its members, which appear to be made up of a mass of small 
egg-like calcareous bodies. 

Opercuhim —A calcareous plate employed by many Mollusca to close the 
aperture of their shell. The opercular valves of Cirripedes are those 
which close the aperture of the shell. 

Orbit~Hho bony cavity for the reception of the eye. 

Organìsm —An organized being, whether plant or animal. 

Orthospermous — A term applied to those fruits of the Umbelliferae which 
have the seed straight. 

Osculant —Forms or groups apparently ìntermediate between and connecting 
other groups are said to be osculant. 

Ora—Eggs. 

Ovarium or Ovary (in Plants)—The lower part of the pistil or female organ 
of the flower, contaìning the ovules or incipient seeds; by growth after 
the other organs of the flower have fallen, it usually becomes con- 
verted into the fruìt. 

Ovigerous —Egg-bearing. 

Ovules (.of Plants) —The seeds in the earliest condition. 


Paehyderms—A group of Mammalia, so called from their thick skins, and 
including the E’ephant, Rhinoceros, Hippopotamus, &c. 

Palo’osoic —The oldest system of fossiliferous rocks. 
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Palpì — Jointed appendages to some of the organs of the mouth i’n Insects 
and Crustaeea. 

Papilionacea; —An ordcr of Plants (see LeguminoSì®). The flowers of 
these plants are called papilionaceoits, or buttcrfly-like, from the 
fancied rescmblance of ihe expanded superior pctals to the wings of 
a butterfly. 

Parasiie —An animal or plant living upon or in, and at the expense of, 
another organism. 

Parthenogenesis —The production of living organìsms from unimpregnated 
eggs or seeds. 

Pedunculated —Supported upon a stem or stalk. The pedunculated oak has 
its acorns borne upon a footstool. 

Pelaria or Pelorism —The a'ppcarance of regularily of structure in the 
flowers of plants which^ norma'.ly bear irregular flowers. 

Pelvis — The bony arch to whìch the hind limbs of vertebrate animals are 
articulated. 

Petals —The leaves of the corolla, or second circle of organs ìn a flower. 
They are usually of delicate texture and brightly coloured. 

Phyllodineous —Having flattened, leafdike twigs or lcafstalks instead of 
true leaves. 

Pigment —The colouring material produccd generally in the superficial parts 
of animals. The cells secreling it are called pigment-cells, 

Pinnate —'Bearing leaflets on each side of a central stalk. 

Pistils —The leraale organs of a flower, which occupy a position in the centre 
of the other floral organs. Thc pistil is generally divisible into the 
ovary or germen, the style and the stigma. 

Placentalia, Placentata, or Placcntal Mammnls —Sce Mamm.\lia. 

Plantigrades —Quadrupeds which \va'k upon the whole solc of the foot, like 
the Bears. 

Plastic Periad —The latest portion of the Tertiary epoeh. 

Plumule (in Plants) —The minute bud betwecn the seed-leaves of newly» 
germinated plants. 

Pliitonic Rocks —Rocks supposed to have been produccd by igneous action 
in the depths of the earth. 

P.ollen —^The male element in flowering plants; usually a fine dust produced 
by the anthers, which, by contact with the stigma, effects the fecunda- 
tion of the seeds. This impregnation is brought about by raeans of 
tubes (pollen-tubes) which issue from the pollen-grains adhering to 
the stigma, and penetrate through the tissues until they reach the 
ovary. 

Polyandrous (Flozvers) —Flowers having many stamens. 

Polygamous Plants —Plants in which soine flowers are unisexual and others 
hermaphrodite. The unisexual (male and female) flowers may be 
on the same or on different plants. 

Polymorphic —Presenting many forms. 

Polyzoary —The common structure formed by the cells of the Polyzoa, such 
as the w'ell-known Sea-mats. 

Prehensile—Cecj^ahXe of grasping. 

Prepotent—ìlavmg a superiority of power. 

Primaries —The feathers forming the tip of the wing of a bird, and inserted 
upon that part which represents the hand of man. 

Processes —Projecting portions of bones, usually for the attachment of 
muscles, ligaraents, &c. 

Propolis —'A resinous material collected by the Hive-Bees from the opening 
buds of various trees. 

Protean —Exceedingly variable. 

Protozoa —The lowest great division of the Animal Kingdom. Tliese aniraals 
are composed of a gelatinous material, and show searcely any trace of 
distinct organs. The Infusoria, Foraminifera, and Sponges, with some 
other forms, bclong to this divisìon, 

Pupa (/?/. Pupa:) —The second stage in the developnicnt of an Insect, froin 
which it emerges in the perfect (winged) reproductive form. In most 
insects the pupal stage is passed in pcrfect repose. The chrysalis is 
the pupal state of buttcrflics. 


Radicie —^The minute root of an embryo plant. 
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Ramus —One*ha!f of the lower jaw in ihe Mamraalia. The portion which 
rises to articulate with the skull is called the ascending ramus. 

Range —^The extent of country over which a plant or^ animal is naturally 
spread. Range in time expresses the dìstribution of a species or 
group through the fossilìferous beds of the earth’s crust. 

Refina —^The delicate inner coat of the eye, formed by nervous filaments 
spreading from the optic nerve, and serving for the perception of the 
irapressions produced by light. 

Retrogression —Backward development. When an animal, as it approaches 
maturity, becomes less perfectly organized than might be expected 
frora its early stages and known relationships, it is said to undergo 
a retrograde development or mefamorphosis. 

Rhizopods —A class of lowly organized animals (Protozoa), havìng a gelat* 
inous body, the surface of which can be protruded in the form of 
root-like processes or filaments, which serve for locomotion and 
the prehension of food. The most important order is that of the 
Foraminifera. 

Rodents —'The gnawing Mammalia, such as the Rats, Rabbits, and Squirrels. 
They are especially characterized by the possession of a single pair 
of chisel-like cutting teeth in each jaw, between which and the 
grinding teeth there is a great gap. 

Rnbus —^The Bramble Genus. 

Rudimentary —Very iraperfectly developed. 

Ruminants —^The group of Quadrupeds which ruminate or chew the cud, 
such as Òxen, Sheep, and Deer. They have divided hoofs, and are 
destitute of front teeth in the upper jaw. 

Sacral —Belonging to the sacrura, or the bone composed usually of two or 
more united vertebrae to which the sides of the pelvis in vertebrate 
aniraals are attached. 

Sarcode —^The gelatinous materìal of which the bodies of the lowest animals 
(Protozoa) are composed. 

Scutellce —'The horny plates with which the feet of bìrds are generally morc 
or less covered, especìaliy in front. 

Sedimentary Formations —Rocks deposìted as sediments from water. 

Segments —^The traverse rings of which the body of an articulate anìmal 
or Annelid is composed. 

Sepals —^The leaves or segments of the calyx, or outermost envelope of an 
ordinary flower. They are usually green, but sometimes brightly 
coloured. 

Serratures —^Teeth like those of a saw. 

Sessile —Not supported on a stem or footstalk. 

Silurian Sysfem —A very ancient system of fossiliferous rocks belonging to 
the earlier part of the Palseozoìc series. 

Specialization —^The setting apart of a particular organ for the performance 
of a particular function. 

Spinal Chord —The central portìon of the nervous system in the Vertebrata, 
which descends from the hraìn through the arches of the vertebrae, 
and gives off nearly all the nerves to the various organs of the body. 

Stamens —The male organs of flowering plants, standing in a circle within 
the petals. They usually consist of a filament and an anther, the 
anther heing the essential part in which the pollen, or fecundating 
dust, is formed. 

Sternum —The breast-bone. 

Stigma —^The apical portion of the pistil in flowering plants. 

Stipules —Small leafy organs placed at the base of the footstalks of thc 
leaves in many plants. ^ 

Style —The mìddle portìon of the perfect pistil, which rises like a column 
from the ovary and supports the stigma at its summit. 

Subcutaneous —Situated beneatn the skin. 

Suctorial —Adapted for sucking. 

Sutures (in the skull) —The lines of junction of the bones of which thc 
skull is composed. 

Tarsus (pl. Tarsi) —The pointed feet of articulate animals, such as Insects. 

Teleostean Fishes —Fishes of the kind familiar to us in the present day, 
baving the skeleton usually completely ossified and the scales horny. 
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Tentacula or Tentacles —Delicate flcshy organs of prchcnsion or touch pos- 
sessed by niany of tlie lower aniinaU. 

Tertiary —^'l'he latest geological epoch, immediately prcccding the establish- 
nient of the prcscnt order of things. 

Trachea —•The windpipe cr passage for the admission of air lo the lungs. 

Tridactyle —Three'fingered, or composed of tliree movable parts attached 
to a common base. 

Trilobites —A peculiar group of extinct Crustaceans, somcwhat rcsembling 
the Woodlice in extcrnal form, and, like some of tliem, capable of 
rolling themselves up into a ball. Their reniains are found only in 
the Pal^eozoic rocks, and most abundantly in those of Silurian age. 

Trimorphie —Presenting three distinct forms. 

Umbellifera: —An order of plants in which the fìowcrs, which contain five 
stamens and a pistil with two styles, are supported upon footstnlks 
which spring from thc top of thc tìower stem and sprcad out like 
the wires of an umbrella, so as to bring all the flowers in the sarae 
hcad (umbel) nearly to the same level. (Uxaviples, Parsley and 

Carrot.) 

Ungulata —Iloofed quadrupeds. 

Uniceìlular —Consisting of a single cell. 

Vascular —Containing blood-vessels. 

Vermiform —Like a worm. 

Vertebrata; or Vcrtebrate Animals —The highest division of the animal 
kingdom, so called from the presence in most cases qf a backbone 
composcd of numerous joints or vertebra:, which constitutes tlie cen- 
tre of the skelcton and at the sarae lime supports and protects the 
central parts of the nervous system. 

IVhorls —^The circles or spiral lines in which the parts of plants are 
arranged upon the axis of growth. 

IVorkers —See Neuters. 

Zoea-stage —The earliest stage in the development of many of the higher 
Crustacea, so called from the name of Zo'ca, applied to these young 
animals when they were supposed to constitute a peculiar genus. 

Zooids —In many of the lower animals (such as the Corals, Medusie, &c.) 
reproduction takes place in two ways, namely, by means of eggs and 
by a process of budding with or without separation froin the parent 
of the product of the latter, which is often very different from that 
of the egg. The individuality of the species is represented by tlie 
whole of the form produced between two sexual rcproductions; aml 
these forms, wliich are apparently individual anima.s, have betn 
called zooids. 
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Aberrant groups, 468. 

Abyssinia, plants of, 423. 
Acclimatisation, 152. 

Adoxa, 225. 
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Agassiz, on Amblyopsis,_ iS^. 

-, on groups of species suddenly 

appearing, 363. 

-, on prophetic forms, 378. 

-, on embryological succession, 
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-, on the Glacial penod, 412. 
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-•, Alex., on pedicellariae, 247. 

Algae of New Zealand, 421. 
Alligators, males, fighting, 101. 
Alternate generations, 478. 
Ainblyopsis, blind fish, 152. 

America, North, productions allied 
to those of Europe, 416. 

-, -, boulders and glaciers 

of, 4^18. 

-, bouth, no modern formations 

on west coast, 343. 

Ammonites, sudden extìnctìon of, 
372. 

Anagallis, sterility of, 300. 

Analogy of variations, 170. 

Ancylus, 429. 

Andaman Islands inhabited by a 
toad, 435. 

Animals, not domesticated from 
being variable, 35. 

-, domestic, descended from 

several stocks, 36. 

- —y -, acclimatisation of, 154. 

Aniraals of Australia, 126. 

- with thicker fur in cold cli- 

mates, 146. 

-, blind, in caves, 150. 

- extinct, of Australia, 389. 

Anomma, 294. 

Antarctic islands, ancient flora of, 
441. 

Antechinus,^ 462. 

Ants attending aphides, 265. 

-, slave-making instinct, 275. 

--, neuters, structure of, 292. 


Apes, not having acquired intel- 
lectual powers, 234. 

Aphides, attended by ants, 265. 
Aphis, development of, 482. 

Apteryx, 186. 

Arab horses, 50. 

Aralo-Caspian Sea, 389. 
Archeopteryx, 356. 

Archiac, M. de, on the succession 
of species, 374. 

Artichqke, Jerusalem, 154. 
Ascension, plants of, 432. 

Asclepias, pollen of, 200. 

Asparagus, 406. 

Aspicarpa, 455. 

Asses, striped, 171. 

-, improved by selection, 55. 

Ateuchus, 148. 

Aucapitaine, on land-shells, 439. 
Audubon, on habits of frigate-bird, 
180. 

-, on variation in birds’ nests, 

266. 

-, on heron eating seeds, 431. 

Australia, animals of, 126. 

-, dogs of, 269. 

-, extinct animals of, 388. 

-, European plants in, 420. 

-, glacìers of, 418. 

Azara, on flies destroying cattle, 

86 . 

Azores, flora of, 410. 
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Babington, Mr., on British plants, 
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Baer, Von, standard of Highness, 
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-, comparison of bee and fish, 

386. 

-, embryonic simìlarity of the 

Vertebrata, 479. 

Baker, Sir S., on the giraffe, 231. 
Balancement of growth, 158. 

Baleen, 237. 

Barberry, flowers of, iii. 

Barrande, M., on Silurian colonies, 
365. 
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375. 

-, on parallelism of palaeozoic 
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Eates, Mr., on mimetic butterflies, 
465, 466. 

Eatrachians on islands, 435. 

Eats, how structure acquired, 186. 

-, distribution of, 437. 

Bear, catching water-insects, 188. 
Beauty, how acquired, 209, 511. 

Bee, sting of, 214. 

-, queen, killing rivals, 214. 

-, Australian, cxterinination of, 

90. 

Bees fertiHsing flowers, 88. 

■ -, hive, not sucking the red 

clover, 108. 

-, Ligurian, 108. 

-, hive, cell-making instinct, 279. 

-, variation in liabits, 266. 

-, parasitic, 275. 

-, humble, cells of, 280. 

Beetles, wingless, in Maderia, 148. 

- with dcficient tarsi, 148. 

Bentham, Mr., on British plants, 63. 

- •, on classification, 457. 

Berkeley, Mr., on seeds in salt water, 

405- 

Bermuda, birds of, 433. 

Birds acquiring fear, 266. 

- , beauty of, 212. 

- annually cross the Atlantic, 


410. 

-, colour of, on continents, 146. 

-, footsreps, and remains of, in 

secondary rocks, 357. 

-, fossil, in caves of Brazil, 

388. 

-, of ÌMadeira, Bermuda, and 

Galapagos, 433- 
Birds, song of males, 102. 

- transporting seeds, 409. 

-, waders, 430. 

-, wingless, 147, 186, 187. 

Bizcacha, 398. 

-, affinities of, 469. 

Bladder for swimming, in fish, 195. 
Blindness of cave animals, 150. 
Blyth, Mr., on distinctness of Indian 
cattle, 35. 

-, on striped hemionus, 171. 

-, on crossed geese. 304. 

Borrow, Mr., on tlie Spanish pointer. 


49. 

Bory St, Vincent, on Batrachians, 
435 - 

Bosquet, M., on fossil Chthamalus, 


Boulders, erratic, on the Azores, 308. 
Branchiae, 196, 197. 

- of crustaceans, 201. 

Braun, Prof., on the seeds of Fuma- 
riaceae, 226. 

Brent, Mr., on house-tumblers, 268. 
Britain, mainmals of, 437. 

Broca, Prof., on Natural Selection, 
222. 

Bronn, Prof., on duration of specific 
forms, 347. 

——, various objections by, 222. 


Brown, Robert, on classification, 453. 

-, Sèquard, on inherited mutila- 

tions, 148. 

Busk, ^lr., on the Polyzoa, 248. 
Bullerflies, inimctic, 465, 466. 
Buzareingucs, on sterility of varìc- 
ties, 325. 

C 

Cabbage, varieties of, crossed, 112. 
Calceolaria, 303. 

Canary-birds, sterility of hybrids, 

303- 

Cape dc Verde islands, productions 
of, 440. 

-, plants of, on mountains, 4.^0. 

Cape of Good IIoi>e, plants of, 140, 
432. 

Carpenter, L)r.. on foraminifera, 385. 
Carthamus, 225. 

Catasetum, 204, 461. 

Cats, with blue eyes, deaf, 29. 

-, variation in habits of, 267. 

- curling tail whcn going to 

spring, 213. 

Cattle destroying fir-trces, 86. 

- destroyed by flies iii I’araguay, 

86 . 

-, breeds of, locally cxtinct, 121. 

-, fertility of Indiaii and Euro- 

pean breeds. 304. 

-, Indian, 35, 305, 

Cave, inhabitants of, blind, 150. 
Cecidoniyia, 478. 

Celts, proving antiquity of man, 35. 
Centres of Creation, 400. 
Cephaiopodte, structures of eyes, 200. 

-, developraent of, 482. 

Cercopithecus, tail of, 243. 

Ceroxylus laceratus, 236. 

Cervulus, 304. 

Cetacea, teeth and hair, 156. 

-, development of the whalebone, 

236. 

Cetaceans, 236. 

Ceylon, plants of, 420. 

Chalk formation, 373. 

Characters, divergence of, 121. 

-, sexual, variable, 161, 165. 

-, adaptive or analogical, 462. 

Charlock, 90, 

Checks to increase, 83. 

- -, mutual. 85. 

Chehe of Crustaceans, 248. 
Chickens, instinctive tameness of 
269. 

Chironoinus, ils ascxual rcproduction, 
478. 

Chthamalina:, 341. 

Chthamalus, cretacean species of, 
357 - 

Circurastanccs favourable to selec- 
tion of dcmcstic products, 53. 

•--to natural sclcction, 114. 

Cirripcdes capable of crossing, 113. 
-, carapace aborted, 159. 
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Cirripedes, their ovigerous frena, 
196. 

-, fossil, 357. 

-, larvs of, 481. 

Claparède, Prof., on the haìr-clasp- 
ers of the Acaridae, 202. 

Clarke, Rev. W. B., on old glaciers 
in Australia, 418. 

Classification, 450. 

Clift, ISlr., on tlie succession of 
types, 388. 

Climate, effects of, in checking in- 
crease of beings, 84. 

-, adaptation of, to organisms, 

153- 

Climbing plants, 195. 

-, developments of, 252. 

Clover visited by bees, iio, 111. 
Cobites, intestine of, 194. 
Cockroach, 90. 

Collections, palaeontological, poor, 
340. 

Colour, influenced by climate, 146. 

-, in relation to attack by flies, 

209. 

Columba livia, parent of domestic 
pigeons, 39. 

Colymbetes, 429. 

Compensation of growth, 158. 
Compositae, flowers and seeds of, 157. 

-, outer and inner florets of, 225. 

-, male flowers of, 491. 

Conclusion, general, 519. 

Conditions, slight changes in, favour- 
able to fertility, 317. 

Convergence of genera, 139. 

Coot, 189. 

Cope, Prof., on tbe acceleration or 
retardation of the perìod of repro- 
duction, 197. 

Coral-islands, seeds drifted to, 406. 

- reefs, indicating movements of 

earth, 406. 

Corn-crake, 190. 

Correlated variation in domestic 
productions, 29. 

Coryanthes, 203. 

Creation, single centres of, 400. 
Crinum, 302. 

Croll, Mr., on subaerial denudation, 

339. 

-, on tbe age of our oldest for- 

mations, 359. 

-, on alternate Glacial periods in 

the North and South, 418. 
Crosses, reciprocal, 306. 

Crossing of domestic animals, ìm- 
portance in altering breeds, 36. 

-, advantages of, iio. 

-, unfavourable to selection, 113, 

114. 

Crùger, Dr., on Coryanthes, 204. 
Crustacea of New Zealand, 421. 
Crustacean, blind, 150. 

- air-breathers, 202. 

Crustaceans, their chelae, 249. 
Cryptocerus, 292, 


Ctenorays, blind, 150. 

Cuckoo, instinct of, 262, 270. 
Cunmnghara, Mr., on the flight of 
the logger-headed duck, 147. 
Currants, grafts of, 311. 

Currents of sea, rate of, 406. 
Cuvier, on conditions of existence, 
262, 263. 

-, on fossil monkeys, 356. 

-, Fred., on instinct, 262, 263. 

Cyclostoma, resisting salt water, 439. 


Dana, Prof., on blind cave-animals, 
iSi‘ 

-, on reiations of crustaceans of 

Japan, 417. 

-, on crustaceans of New Zea- 

land, 421. 

Dawson, Dr., on eozoon, 360. 

De Candolle, Aug. Pyr., on struggle 
for existence, 77. 

-, on umbelliferae, 157. 

-, on general affinities, 469. 

-—, Alph., on the variability of 

oaks, 67. 

-, on low plants, widely dis- 

persed, 446. 

■——, on wùdely-ranging plants being 
variable, 69. 

-, on naturalisation, 125. 

-, on winged seeds, 158. 

-, on Alpine species suddenly be- 

comìng rare, 180. 

-, on distribution of plants with 

large seeds, 407. 

—•—, on vegetation of Australia, 
423, 424. 

-, on fresh-water plants, 430. 

-, on insular plants, 432. 

Degradation of rocks, 336. 
Denudation, rate of, 337. 

- of oldest rocks, 360. 

- of granitic areas, 345. 

Development of ancient forms, 384. 
Devonian system, 382. 

Dianthus, fertility of crosses, 306, 

307. 

Dimorphism in plants, 61, 319. 

Dirt on feet of birds, 409. 

Dispersal, means of, 403. 

-— during Glacial period, 411. 

Distribution, geographical, 395. 

-, meanc of, 403. 

Disuse, efTect of, under nature, 147. 
Divergence of character, 122. 
Diversification of means for same 
general purpose, 203. 

Division, physiological, of labour, 125. 
Dog, resemblance of jaw to that of 
the Thylacinus, 463. 

Dogs, hairless, with imperfect teeth, 
30. 

- descended from several wild 

stocks, 35. 

-, domestic instincts of, 268. 
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Dogs, inherited civilisation of, 268. 

--, fertility of breeds together, 

305. . 

-, -of crosses, 322. 

--, proportions of body in diffcr- 

ent breeds, wlien young, 484. 
Domestication, variation under, 25. 
Double flowers, 292. 

Downing, Mr., on fruit-trees in 
America, 98. 

Dragon-flies, intestines of, 194. 
Drift-timber, 407. 

Driver ant, 294. 

Drones killed by other bees, 214. 
Duck, domestic, wings of, reduced,29. 

-• • •, beak of, 237. 

-, logger-headed, 186. 

Duckweed, 429. 

Dugong, affinities of, 453* 
Dung-beetles with deficient tarsi, 
148. 

Dytiscus, 429. 

E 

Earl, Mr. W., on the Malay Archi- 
pelago, 437. 

Ears, drooping, in domestic animals, 

-rudimentary, 494. 

Earth, seeds in roots of trees, 407. 

- charged with seeds, 409. 

Echinodermata, their pedicellarije, 
246. 

Eciton, 292. 

Economy of organisation, 159. 
Edentata, teeth and hair, 156. 

■ , fossil species of, 515. 

Edwards, Milne, on physiological 

division o£ labour, 126. 

-, on gradations of structure, 

203. 

- , on embryological characters, 

456. 

Eggs, youug birds escaping from, 
100. 

Egypt, productions of, not modified, 
220. 

Electric organs, 198. 

Elephant, rate of increase, 79. 

-, of Glacial period, 154. 

Embryology, 478. 

Eozoon Canadensc, 360. 

Existenee, struggle for, 76. 

-, condition of, 218. 

Extinction, as bearing on natural 
selection, 134. 

— — ■ of domestic varieties, 130. 

■ -, 368. 

Eye, structure of, 191. 

-, correction for aberration, 216. 

Eyes, reduced in moles, 149. 

F 

Fabre, M., on hymenoptera fighting, 
102. 

- , on paiasitlc sphex, 275. 

f-, on Sitaris, 487, 488. 


Falconer, Dr., on naturalisation of 
plants in India, 80. 

- on e'ephants and mastodons, 

383. 

- and Cautley, on mammals of 

sub-Iiimalayan bcds, 389. 

Falkland Islands, wolf of, 436. 
Faults, 338. 

Faunas, marine, 397. 

Fcar, instinctive, in birds, 269. 

Feet of birds, young molluscs ad- 
herìng to, 429. 

Fertilisation variously effected, 203, 
211. 

Fertility of hybrids, po2. 

-, irom slight changes in con- 

ditions, 318. 

■- of crosscd varieties, 322. 

Fir-trces destroyed by cattle, 86. 

-, pollcn of, 215. 

Fish, flying, 187. 

-, teleostean, sudden appearancc 

357; 

-, eatmg seeds, 408, 430. 

-, fresh-water, distribution of, 

427, 428. 

Fishes, ganoid, now confined to 
fresh watcr, 118. 

-, electric organs of, 198. 

-, ganoid, living in fresh water, 

372. 

-, of southern hcmisphere, 421. 

Flat-fish, thcir structure, 240. 

Flight, powers of, how acquired, 
186, 187. 

Flint-tools, proving antiquity of 
raan, 35. 

Flower, Prof., on the larynx, 246. 

-, on Halitherium, 378. 

-, on the resemblance between 

the jaws of the dog and Thylaci- 
nus, 464. 

--, on the homology of the feet 

of certain marsupials, 473. 
Flowers, structure of, in relation to 
crossing, 106. 

-, of compositae and umbelliferae, 

157,225. 

-, beauty of, 211. 

-, doubie, 292. 

Flysch formation, destitute of or- 
ganic reraains, 341. 

Forbes, Mr. D., on glacial action in 
the Andes, 418. 

-, E., on colours of shells, 146. 

-, on abiupt range of shells in 

depth, iSi. 

-, on poorness of pal.'eontological 

collections, 340, 

-, on conlinuous succession of 

gcnera, 367. 

-, on contincntal extensions, 404, 

405- 

-, on distribution during Glacial 

pcriod, 412. 

-, on parallelism in time and 

spacc, 448. 
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Forests, clianges in, in America, 88. 
Formation, Devonian, 382. 

-, Cambrian, 360. 

Formations, thickness of, in Britaìn, 

338'. 

-, interniittent, 348. 

Formica, rufescens, 277. 

-, sanguinea, 276. 

-, flava, neuter of, 293. 

Forras, lowly organised, long endur- 
ing, 136, 137- ^ , 

Frena, ovigerous, of cirripedes, 190. 
Fresh-water productions, dispersal 
of, 427. 

Fries, on species in large genera 
being closely allied to other spe- 
cies, 73- 

Frigate-bird, 189. 

Frogs on ìslands, 436. 

Fruit-trees, gradual improveraent of, 

51- 

- in United States, 98. 

-, varieties of, acclimatised in 

United States, 154. 

Fuci, crossed, 308, 314. 

Fur, thicker in cold climates, 146. 

G 

Galapagos Archipelago, birds of, 
434. , . 

-, productions of, 439, 440. 

Galaxias, its wide range, 427. 
Galeopithecus, 185. 

Game, increase of, checked by ver- 
min, 84. 

Gàrtner, on sterility of hybrids, 299, 
300, 305. . 

-, on reciprocal crosses, 308. 

-, on crossed raaìze and verbas- 

cum, 325. 

-, on comparison of hybrids and 

rnongrels, .327, 328. 

Gaudry, Prof., on intermediate gen- 
era of fossil mammals in Attica, 
378. 

Geese, fertility when crossed, 304. 
-, upland, 189. 

Geikie, Mr., on subaerial denuda- 
tion, 336. 

Geneaiogy, important in classifica- 
tion, 457. 

Generations, alternate, 478. 

Geoffroy St. Hilaire, on balance- 
raent, 158. 

-, on homologous organs, 473. 

--, Isidore, on variability of re- 

peated parts, 160. 

-, on correlation, in monstrosi- 

ties, 29. 

-, on correlation, 156. 

-, on variable parts being often 

raonstrous, 165. 

Geographicai distribution, 395. 
Geology, future progress of, 527. 
-, imperfcction of the record, 

527. 


Gervais, Prof., on Typotherium, 378. 
Giraffe, tail of, 206. 

-, structure of, 230. 

Glacial period, 411. 

-, affecting the North and South, 

415- 

Glands, mammary, 244. 

Gmelin, on distributìon, 412. 
Godwin-Austen, Mr., on the Malay 
Archipelago, 352. 

Goethe, on compensation of growth, 
158. 

Gomphia, 227. 

Gooseberry, grafts of, 311. 

Gould, Dr. Aug. A., on land-shells, 
438. 

-, Mr., on colours of birds, 146. 

-, on instincts of cuckoo, 273. 

-, on distribution of genera of 

birds, 445. 

Gourds, crossed, 325. 

Graba, on the Uria lacrymas, 105. 
Grafting, capacity of, 310, 311. 
Granite, areas of denuded, 345. 
Grasses, varieties of, 124. 

Gray, Dr. Asa, on the varìability o£ 
oaks, 66. 

-, on man not causing variabil- 

ity, 93- 

-, on sexes of the holly, 107. 

-, on trees of the United States, 

II3- 

-, on naturalised plants in tho 

United States, 125. 

-, on sestivation, 226. 

-, on Alpine plants, 412. 

-, on rarity of interraediate va- 

rieties, 182. 

-, Dr. J. E., on striped mule, 


171. 

Grebe, 189. 

Griram, on asexual reproduction, 
478, 

Groups, aberrant, 468. 

Grouse, colours of, 98. 

-, red, a doubtful species, 64. 

Growth, compensation of, 158. 
Giinther, Dr., on flat-fish, 244. 

-, on prehensile tails, 244. 

-, on the fishes of Panama, 396. 

-, on the range of fresh-water 

fishes, 427. 

-, on the limbs of Lepidosiren, 

492. 

H 


Haast, Dr., on glaciers of New Zea- 
land, 418. 

Habit, effect of, under doraestica- 
tion, 29. 

-, effect of, under nature, 148. 

-, diversified, of same species, 

187. 

Hàckel, Prof., on classification and 
the lines of descent, 472. 

Hair and teeth, correlated, 156. 

Halitherium, 378. 
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Harcourt, Mr. E. V., on the birds 
of Madeira, 433. 

Ilarlung, M., on boulders in tlie 
Azores, 410. 

Ilazel-nuts, 406. 

Ilearne, on habits of bears, 188. 
Heatli, changes in vegetation, 85. 
Ileetor, Dr., on glaeiers of New 
Zealand, 418. 

Ileer, Oswald, on aneient eultivated 
plants, 35. 

- on plants of Madeira, 118. 

Helianthcmuni, 227. 

Helix pomatia, 439. 

-, resisting salt water, 439. 

Helraholtz, M., on the imperfection 
ot the huinan eye, 214. 
Helosciadium, 406. 

Hemionus, striped, 173. 

Henscn, Dr., on the eyes of Cepha- 
lopods, 200, 

Herbert, W., on struggle for exist- 
ence, 77. 

-, on sterility of hybrids, 302. 

Ilermaphrodìtes crossing, 109, iio. 
Heron eating seed, 431. 

Heron, Sir R., on peacocks, 102. 
Ileusinger, on white aniraals poi- 
soned by certain plants, 30. 
Ilewitt, Mr., on sterility of first 
erosses, 314. 

Hildebrand, Prof., on the self-steril- 
ity of Corydalis, 302. 

Ililgendorf, on intermediate varie- 
ties, 346. 

Himalaya, glaciers of, 417. 

—; — , plants of, 420. 

Hippeastrum, 302. 

Hiimicampus, 245. 

Ilofmeister, Prof., on the move- 
ments of plants, 254. 

Ilolly-trees, sexes of, 107. 

Hooker, Dr., on trees of New Zea- 
land, II3. 

-, on aecliraatisation of Hiraa- 

layan trees, 153. 

-, on flovvers of umbelliferae, 157. 

-, on the position of ovules, 

224. 

-, on glaciers of Himalaya, 417, 

418. 

-, on algae of Ncw Zealand, 420. 

-, on vegetation at the base of 

the Ilimalaya, 421. 

-, on plants of Tierra del Fuego, 

419. 

- , on Australian plants, 420, 441. 

-, on relations of flora of Araer- 

ica, 423. 

-, on flora of the Antarctic lands, 

425. 441. 

-, on the plants of the Galapagos, 

434 , 440. 

-, on glaciers of the Lebanon, 

417. 

-, 011 man not causing variabil- 

ity, 93 - 
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Ilooker, on plants of mountains of 
rernando Po, 420. 

Hooks on palms, 208. 

- on sceds, on islands, 435. 

Ilopkins, Mr., on denudation, 344. 
IlornbiII, remarkable instinct of, 
296. 

Ilorns, rudimcntary, 494. 

Horse, fossil, in La Plata, 369. 

-, proportions of, when young, 

484. 

Horses destroyed by flies in Para- 
guay, 86. 

-, striped, 171. 

Horticulturists, selection applied by, 

Hubèr, on cells of bees, 284. 

-, P., 011 reason blended with 

instinet, 262. 

-, on habitual nature of instincts, 

263. 

-, on slave-making ants, 277. 

-, on Melipona domestica, 281. 

Hudson, Mr., on the Ground-Wood- 
pecker of La Plata, 188. 

-, on the Molothrus, 273, 274. 

Humble-bees, cells of, 280. 

Hunter, J., on seeondary sexual 
characters, 161. 

Hutton, Captain, on erossed geese, 

304- 

Huxley, Prof, on strueture of her- 
maphrodites, 113. 

-, on the affinities of tlie Sirenia, 

378,379. . . 

-, on forms eonneeting birds and 

reptiles, 379. 

-, on homologous organs, 477.^ 

-, on the development of aphìs, 

482. 

Hybrids and raongrels eorapared, 

327. 

Hybridism, 298. 

Hydra, structure of, 194. 
Hymenoptera, fighting, 102.^ 
Hymenopterous insects, diving, 199. 
Hyoseris, 225. 

I 

Ibla, 159. 

Icebergs transporting seeds, 410. 
Increase, rate of, 79. 

Individuals, numbers favourable to 
selection, 114. 

-, many, whether simultaneously 

created, 402. 

Inheritance, laws of, 31. 

-, at corresponding ages, 31, 

101. 

Inseets, colour of, fitted for their 
stations. 100. 

-, sca-side, eolours of. 146. 

-, blind, in cavcs, 149, 150. 

-, lurainous, 199. 

-, their rescrablance to ccrtaiic 

objects, 235. 

-, neuter, 292. 
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Instinct, 262 , 

t, not varying simultaneously 
with structure, 290. 

Instincts, domestic, 267. 
Intercrossing, advantages of, iio, 
318. 

Islands, oceanìc, 431. 

Isolation favourable to selection, 
116. 

J 


Tapan, productions of, 417. 

Tava, plants of, 420. 

Jones, Mr. J. M., on the birds of 
Bermuda, 433. 

Jourdaìn, M., on the eye-spots of 
star-fishes, 191. 

Jukes, Prof., on subaerial denuda- 
tion, 336. 

Jussieu, on classification, 455. 


K 

Kentucky, caves of, 150. 

Kerguelen-land, flora of, 425, 441, 

Kidney-bean, acclimatisation of, 155. 

Kidneys of birds, 156. 

Kirby, on tarsì deficient in beetles, 
148. 

Knigbt, Andrew, on cause of varia- 
tion, 25. 

Kòlreuter, on Intercrossìng, 109, 

- - , on the barberry, iii. 

-•, on steriHty of hybrìds, 299, 

300. 

-, on recìprocal crosses, 308. 

- —on crossed varieties of nico- 
tìana, 326. 

—— ■, on crossing male and her- 
maphrodite flowers, 490. 


L 

Lamarck, on adaptive characters, 
462. 

Lancelet, 137. 

-, eyes of, 193. 

Landois, on the developraent of the 
wings of ìnsects, 196. 

Land-shells, distribution of, 438. 

•-, of Madeira, naturalised, 443. 

-, resisting salt water, 439. 

Languages, classification of, 459. 
Lankester, Mr. E. Ray, on Longev- 
ity, 229. 

-, on homologies, 477. 

Lapse, great, of time, 335. 

Larvae, 480. 

Laurel, nectar secreted by the 
leaves, 106. 

Laurentian formation, 360. 

Laws of variation, 145. 

Leech, varieties of, 89. 

Legurainosae, nectar secreted by 
glands, 106, 

Leibnitz’ attack on Newton, 520, 
Lepidosiren, 118, 380. 


Lepidosiren, limbs in a nascent con» 
dition, 492, 

Lewes, Mr. G. H., on specìes not 
having changed in Egypt, 220. 

•-, on the Salamandra atra, 4pi. 

-, on many forms of life havmg 

been at first evolved, 524. 

Life, struggle for, 78. 

Lingula, Silurian, 359. 

Linnaeus, aphorism of, 452. 

Lion, mane of, 102. 

-, young of, striped, 480. 

Lobelia fulgens, 87, 111. 

-, sterility of crosses, 302, 

Lockwood, Mr., on the ova of the 
Hippocampus, 244. 

Locusts transporting seeds, 408. 

Logan, Sir W., on Laurentian for- 
mation, 360. 

Lowe, Rev. R. T., on locusts visit- 
ing Madeira, 408. 

Lowness of structure connected with 
variability, 160. 

-•, related to wide distribution, 

446. 

Lubbock, Sir J., on the nerves of 
coccus, 60. 

-, on secondary sexual charac- 

ters, 167. 

-, on a diving hymenopterous 

insect, 189. 

-, on aftinìties, 352. 

-, on metamorphoses, 480. 

Lucas, Hr. P., on inheritance, 30. 

on resemblance of child to 
329.. 


’ 32, 

nd Clausen, on fossils of 


parent, 

Lund and 
Erazil, 3 88. 

Lyell, Sir C., on tlie struggle for 
existence, 77. 

-, on modern changes of the 

earth, 109. 

-, Sir C,, on terrestrìal animals 

not havìng been developed on 
islands, 233. 

-, on a carboniferous land-shell, 

341 * 

-, on strata beneath Silurìan 

systera, 360. 

-, on thc imperfectìon of the geo- 

logical record, 363. 

-, on the appearance of species, 

363. 

-, on Barrande*s colonies, 364. 

-, on tertiary formations of 

Europe and North America, 373. 

-, on parallelìsm of tertiary for- 

mations, 377. 

-, on transport of seeds by icc- 

bergs, 410. 

-, on great alteratìons of climate, 

426. 

-, on the dìstrìbution of fresh- 

water shells, 429. 

-, on land-shells of Madeira, 443. 

Lyell and Dawson, on fossilized 
trees in Nova Scotia, 349. 

Lythrum salicaria, trimorphic, 321. 
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U 

Macleay, on analogical characters, 
462. 

Macrauchenia, 378. 

M’Donnell, Dr., on electnc organs, 
198. 

Madcira, plants of, 118. 

-, beetles of, wingless, 148. 

-, fossil land-shells of, 389. 

--, birds of, 433- 

^lagpie tame in Norway, 266, 

Males fightiiig, 102. 

Maize, crossed, 325. 

Malav Archipelago compared with 
Europe, 352. 

-, raammals of, 437. 

Malra, on flat-fish, 241. 

Malpighiaceic, small imperfect flow- 
ers of, 225. 

-. 455 * 

Mammae, their development, 244, 

-, rudiincntary, 490. 

Mammals, fossil, in secondary for- 
mation, 356. 

-, insular, 435. 

Man, origin of, 527. 

Manatee, rudimentary _ nails of, 494. 
Marsupials of Australia, 126. 

-, strucUire of their feet, 473. 

-, fossil species of, 388. 

Martens, M., experiment on seeds, 
406. 

IMartin, ÌMr. W. C, on striped mules, 

^lasters, Dr., on Saponaria, 227. 
Matteuccì, on the electric organs of 
rays, 198. 

^latthiola, reciprocal crosses of, 308. 
IMaurandia, 253. 

IMeans of dispersaì, 403. 

Melipona domestica, 280. 

Merrell, Dr., on tlie Araerican 
cuckoo, 270. 

Metamorphism of oldest rocks, 360. 
Mice destroying bees, 88. 

-, accliraatisation of, 153. 

-, tails of, 244. 

Miller, Prof., on the cells of bees, 
281, 285. 

Mirabilis, crosses of, 308. 
Missel-tlirush, 90. 

^listletoc. complex relations of, 22. 
^livart, Mr., on the relation of hair 
and teeth, 156. 

-, on tlie eyes of cephalopods, 

200. 

--, various objections to Natural 

Selection, 229. 

-, on abiupt modifications, 258, 

259- 

-, on the resemblancc of thc 

mouse and antecliinus, 462. 
Mocking-thrush of the Galapagos, 

Modffication of spccies not abrupt, 

523- 


Moles, blind, 151. 

Molothrus, habits of, 273, 

Mongrels, fertility ancl sterility of, 
322. 

•- and hybrids compared, 327. 

Monkeys, fossil, 356. 

Monaehanthus, 461. 

Mons, Van, on the origin of fruit- 
trees, 44. 

Monstrositics, 58. 

Moquin-Tandon, on sca-sidc plants, 
146. 

Morphology, 472. 

Morren, on the leaves of Oxalis, 254. 
Moths, hybrid, 304. 

IMozart, musieal powcrs of, 263. 

Mud, seeds in, 429. 

Mulcs, stnped, 173. 

Muller, Adolf, on the instincts of 
tlie cuckco, 271. 

Miiller, Dr. Ferdinand, on Alpìnc 
Australian plants, 420. 

Mullcr, Fritz, on dimorphic crus- 
taceans, 61, 295. 

-, on the lancelet, 137. 

——■, on air-breathing crustaceans, 
201, 

-, on cHmbing plants, 253. 

-, on the self-sterility 01 orchids, 

302. 

-, on embryology in relation to 

classification, 456. 

-, on the metamorphoses of crus- 

taceans, 482, 488. 

---, on terrestrial and fresh-water 

organisins not undergoing any 
metamorphosis, 486. _ 

Multiplication of specics not indefi- 
nite, 140. 

Murehison, Sìr R., on thc forma- 
tions of Russia, 342. 

-, on azoic forraations, 360. 

-^ on extinction, 368. 

IMnrie, Dr., on the modification of 
the skull in old age, 197. 

Murray, Mr. A., on cave-insccts, 
152. 

Mustela visìon, 184. 
hlyanthus, 461. 

Alyrmecocystus, 292. 

Myrmica, eyes of, 294. 

N 

Nageli, on morphological characters, 
222. 

Nails, rudimcntary, 494. 

Nathusius, Von, on pigs, 209. 
Natural hislory, future progress of, 

525. , 

- sclcctioii, 93. 

- systcm, 452. 

Naturalisation of forms ^ distinct 
from the indigcnous specics, 125. 
Naturalisation in Ncw Zealand, 213. 
Naudin, 011 analogous variations in 
gourds, i68. 
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Naudin, on hybrid gourds, 325. 

-, on reversion, 328. 

Nautilus, Silurian, 359. 

Nectar of plants, 106. 

Nectaries, how formed, 106. 
Nelurabium luteum, 430. 

Nests, variations in, 266, 289, 296. 
Neuter insects, 293, 294, 

Newman, Col., on humble-bees, 88. 
New Zealand, productions of, not 
perfect, 213. 

-, naturahsed products of, 387. 

-, fossil birds of, 389. 

-, glaciers of, 418. 

-, crustaceans of, 420. 

-, algae of, 421. 

-, number of plants of, 432. 

-, flora of, 441. 

Newton, Sir I., attacked for irre- 
ligion, 520. 

-, Prof., on earth attached to a 

partridge’s foot, 409, 

Nicotiana, crossed varieties of, 326. 
-, certain species very sterile, 

307- 

Nitsche, Dr., on the Polyzoa, 248. 
Noble, Mr., on fertility of Rbodo- 
dendron, 303. 

Nodules, phosphatic, in azoic rocks, 
360. 

O 

Oaks, variability of, 67. 

Onites apelles, 148. 

Ononis, small imperfect flowers of, 
224. 

Orchids, fertilisation of, 204, 205. 

-, the development of their 

flowers, 251. 

-, forms of, 461. 

Orchis, pollen of, 200. 

Organisation, tendency to advance, 
135 . 

Organs of extreme perfection, 190. 

-, electric, of fishes, 199. 

-, of little importance, 205. 

-, homologous, 474. 

-, rudiments of, and nascent, 

490. 

Ornithorhynchus, 118, 454. 

-, mammce of, 245. 

Ostrich not capable of flight, 233, 
-, habit of laying eggs together, 

-, Amencan, two species of, 397. 

Otter, habits of, how acquired, 184. 
Ouzel, water, 189. 

Owen, Prof., on birds not flying, 

147. 

-, on vegetative repetition, 160. 

-, on variability of unusually 

developed parts, 161, 

-on the eyes of fishes, 193. 

-, on the swim-bladder of fishes, 

196. 

--, on fossil horse of La Plata, 

369- 


Owen, Prof., on generalized form, 
378. 

-, on relation of ruminants and 

pachyderms, 378. 

-, on fossil hirds of New Zea- 

land, 388. 

-, on succession of types, 389. 

-, on affinities of the dugong, 

453. 

-, on bomologous organs, 473, 

-, on the metamorphosis of 

cephalopods, 482. 


Pacific Ocean, faunas of, 397. 

Pacini, on electric organs, 199. 

Paley, on no organ formed to give 
pain, 213. 

Pallas,^ on the fertility of the do- 
mesticated descendants of wild 
stocks, 305. 

Palm with hooks, 208. 

Papaver bracteatum, 226. 

Paraguay, cattle destroyed by flies, 

86 . 

Parasites, 274, 275. 

Partridge, with ball of earth at- 
tached to foot, 409. 

Parts greatly developed, variable, 
161. 

Parus raajor, 188. 

Passiflora, 302. 

Peaches in United States, 98. 

Pear, grafts of, 311. 

Pedicellariae, 247. 

Pelargoniura, flowers of, 157. 

-, sterility of, 303. 

Pelvis of woraen, 156. 

Peloria, 157. 

Period, Glacial, 411. 

Petrels, habits of, 189. 

Phasianus, fertility of hybrids, 304. 

Pheasant, young, wild, 269. 

Pictet, Prof., on groups of species 
suddenly appearing, 356. 

-, on rate of organic change, 

365. 

-, on continuous succession of 

genera, 367. 

-, on change in latest tertiary 

forms, 350. 

--, on close alliance of fossils in 

consecutive formations, 383. 

-, on early transitìonal links, 355. 

Pierce, !Mr., on varieties of wolves, 
103. 

Pigeons with feathered feet and 
skin between toes, 30. 

-’, breeds described, and origin 

of, 37. 

-, breeds of, how produced, 52, 

53 - 

-, turabler, not being able to get 

out of egg, 100. 

-•, reverting to blue colour, 170, 

-, instinct of tumbling, 268. 
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Pigeons, yoiing of, 485* 

Pigs, black, not aflccted by the 
paint-root, 30. 

-, modified by want of excrcisc, 


209. 

Pistil, rudimentary, 49 i- . 

Plants, poisonous, not affecting ccr- 
tain coloured animals, 30. 

-, selection applied to, 51. 

--, gradual ìmprovement of, 51* 

-, not improved in barbarous 

countries, 5f* 

-, dimorphic, 6t. 

-, destroyed by insects, 84. 

-, in midst of range, have to 

struggle with other plants, 97. 

-, nectar of, 106. 

-, flesliy, on sea-shores, 146. 

--•, climbing, 196, 252. 

-, fresh-water, distribution of. 


-, low in scale, widely distrib- 

uted, 446. 

Pleuroneetids, their structure, 240. 
Plumage, laws of change in scxes 
of birds, 102. 

Plums in the United States, g8. 
Pointer dog, origin of, 49 - 

■-, habits of, 269. 

Poison not affecting certain col- 
oured anìmals, 30. 

-, similar effect of, on animals 

and plants, 523. 

Pollen of fir-trees, 215. 

- transported by various means, 

203, 204, 211. 

Pollinìa, their development, 251. 
Polyzoa, their avicularia, 249. 

Poole, Col., on striped hemionus, 

-r. ^73. 

Potamogcton, 430. 

Pouchet, on the colours of flat-fish, 

243- 

Prestwich, Mr., on English and 
French eocene formations, 377. 
Proctotrupes, 189. 

Proteolepas, 159. 

Proteus, 152. 

Psychology, future progress of, 527. 
Prygoma, found in the chalk, 357. 


Q 

Quagga, striped, 174. 

Quatrefages, IVl., on hybrid molhs, 

304- 

Quercus, variability of, 67. 

Quince, grafts of, 311. 

R 

Rabbìts, disposition of young, 269. 
Races, doinestie, cliaracters of, 33. 
Raee-horses, Arab, 50. 

-, English, 403. 

Radcliffe, Dr., the electrical organs 
of thc torpedo, ig8. 


Ramond, on pUnts of Pyrenees, 
413. 

Rainsay, Prof., on stibacrial dcnu- 
dation, 337. 

-, on thickncss of thc British 

formations, 338. 

-, on faults, 338. 

•-, Mr., on instincts of cuckoo, 

272. 

Ratio of increase, 79. 

Rats supplanting each other, 90. 

-, accHmatisation of, 153. 

-, blind, in cave, 150. 

Rattle-snakc, 213. 

Reason and instinct, 262. 
Recapitujation, general, 499. 
Reciprocity of crosses, 308. 

Record, geological, impcrfcct, 333. 
Rengger, on flies destroying cattle, 
86 . 

Reproduction, rate of, 80. 
Resemblance, protective, of ìnsccts, 

235. 

- to parcnts m mongrels and 

hybrids, 329. 

Revcrsion, law of inhcritance, 32. 
-, in pigeons, to blue colour. 


170. 

Rliododendron, sterility of, 303, 304. 
Richard, Prof., on Aspicarpa, 455. 
Richardson, Sir J., on structure of 
squirrels, 185. 

-, on fishes of the southern 

hemisphere, 421. 

Robinia, grafts of, 311. 

Rodents, blind, 149. 

Rogers, Prof., Map of N. America, 

■r. 345. 

Rudimentar^r organs, 491. 

Rudiments ìmportant for classifica- 
tion, 455. 

Riitimeyer, on Indian cattlc, 36, 

305- 


S 


Salamandra atra, 491. 

Saliva used in nests, 289. 

Salvin, j\Ir., on the beaks of ducks, 

Sageret, on grafts, 311. 

Salmons, males fighting, and hooked 
jaws of, loi. 

Salt water, how far injurions to 
seeds, 405, 406. 

- not destructivc to land-shells, 

438, 439 - 

Salter, Mr., on early death of hy- 
brid embryos, 315. 

Saurophagus sulphuratus, 187. 

S^'^'acht, Prof., on Pliyllotaxy, 225. 

Schiòdte, on blind insccts, 150. 

-. on flat-fish, 240. 

Sclilegel, on snakcs, 156. 

SchòbÌ, Dr., on tlic cars of niicc, 
223. 

Scott, J., IMr., on the self-sterility 
of orchids, 302. 
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Scott, J., Mr., on the crossing of 
varieties of verbascnm, 326. 
Sea-water, how far injurìous to 
seeds, 405, 406.^ , , „ 

- not destructive to land-shells, 

,438,439-. ^ . 1 

Sebright, Sir J., on crossed animals, 


37. 

Sedgwick, Prof., on groups of spe- 
(jies suddenly appearing, 354. 
Seedlings destroyed by insects, 82. 
Seeds, nutriment in, 91. 

- ^ winged, 158. 

- ^ means of dissemination, 203, 

212, 407, 408. 

-, power of resistìng salt water, 

406. 

--, ìn crops and intestines of 

bìrds, 407, 408. 

-, eaten by fish, 408, 430. 

-, in mud, 428. 

-, hooked, on islands, 435- 

Selection of domestic products, 43, 


44 - . 

-, principle not of recent origin, 

48. 

-, unconscious, 49. 

-, natural, 93. 

-, sexual, loi. 

-, objections to term, 94. 

- natural, has not induced steril- 

ity, 312. 

Sexes, relations of, loi. 

Sexnal characters variable, 166. 

- selection, loi. 

Sheep, Merino, their selection, 46. 

-i two sub-breeds, unintention- 

ally produced, 50. 

-, mountain varieties of, 89. 

Shells, colours of, 146. 

-, hinges of, 202. 

-, littoral, seldom embedded, 341. 

-, fresh-water, long retain the 

same forms, 385. 

•-, -, dispersal of, 428. 

--, of Madeira, 433. 

-, land, distribution of, 433. 

-, -, resìsting salt water, 

438, 439 * 

Shrew-rnouse,^ 462. 

Silene, infertility of crosses, 307. 
Silliman, Prof., on blind rat, 150. 
Sirenia, their affinities, 378. 

Sitaris, metamorphosis of, 488. 
Skulls of young mammals, 208, 475. 
Slave-makìng instinct, 275. 

Smith, Col. Hamilton, on striped 
horses. 172. 

-, Mr. Fred., on slave-making 

ants, 276. 

-, on neuter ants, 294. 

Smitt, Dr., on the Polyzoa, 248. ^ 
Snake with tooth for cutting 
through egg-shell, 273. 

Somervìlle, Lord, on selection of 
sheep, 46. 

Sorbus, grafts of, 311, 


Sorex, 462. 

Spaniel, King Charles’s breed, 49. 
Specialisation of organs, 135. 
Species, polymorphic, 60. 

-, dominant, 71. 

-, common, variable, 69. 

- in large genera variable, 71. 

-, groups oL suddenly appearing. 


354 . 359 - . , 

- beneath Silurian formations, 

360. 

Species successively appearing, 364. 

- c h a n g i n g simultaneously 

throughout the world, 373. 
Spencer, Lord, on increase m size 
of cattle, 50. 

-, Herbert, Mr., on the first 

steps in differentiation, 138. 

-, on the tendency to an equilib- 

rium in all forces, 318. 

Sphex, parasitic, 275. 

Spiders, development of, 482. 

Sports in plants, 28. 

Sprengel, C. C., on crossing, 109. 

-, on ray-fiorets, 157. 

Squalodon, 379. 

Squirrels, gradations ìn structure, 


185. 

Staffordshire, heath, changes in. 


05- 

Stag-beetles, figliting, loi. 

Star-fishes, eyes of, 191* 

-, their pedicellarise, 247.^ ^ 

Sterility from changed conditions of 
life, 27. 

- of hybrids, 300. 

-, laws of, 305. 

-- -, causes of, 312. 

— • — , from unfavourable conditions. 


316. 

- not induced through natural 

selection, 313. 

St. Helena, productions of, 432. 

St. Hilaire, Aug., on variability of 
certain plants, 226, 227. 

-, on classification, 456. 

St. John, Mr., on babits of cats, 


267. 

Sting of bee, 214. 

Stocks, aboriginal, of domestic ani- 
mals, 35. 

Strata, thickness of, in Brìtain, 339. 
Stripes on horses, 172. 

Structure, degrees of utìlity of, 


209. 

Struggle for existence, 76. 
Succession, geological, 364. 

-of types in same areas, 388.^ 

Swallow, one species supplanting 
another, 90. 

Swaysland, Mr., on earth adhenng 
to the feet of migratory birds, 


4uy. 

Swìfts, nests of, 289. 

Swim-bladder, 195. 

Switzerland, lake-habitations of, 35. 
System, natural. 452. 
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T 

Tail of giraffc, 206. 

- of aquatic animals, 207. 

-, prehensilc, 244, 

-, rudimentary, 494. 

Tanais, dimorphic, 61. 

Tarsi, deficient, 148. 

Tausch, Dr., on umbelliferae, 226. 
Teeth and hair correlated, 156. 

-, rudimentary, embryonic calf, 

490, 518. 

Tegetmeier, Mr., on cells of bces, 
282, 287. 

Temminck, on distribution aiding 
classification, 457. 

Tendrils, their developmcnt, 252. 
Thompson, Sir W., on the age of 
the habitable world, 360, 

-, on the consolidation of the 

crust of the earth, 505. 

Thouin, on grafts, 311. 

Thrush, aquatic species of, 189. 

-, mocking, of the Galapagos, 

n 

-, young of, spotted, 480. 

-, nest of, 296. 

Thwaites, Mr., on acclimatisation, 

153. 

Thylacinus, 463. 

Tierra del Fuego, dogs of, 269. 
Timber, drift, 407. 

Time, lapse of, 335. 

- by itself not causing modifica- 

tion, 114. 

TÌtmouse, i88. 

Toads on islands, 436. 

Tobacco, crossed varieties of, 326. 
Tomes, Mr., on the distribution of 
bats, 437. ^ 

Transitions in varieties raro, 180. 
Traquair, Dr., on flat-fish, 242. 
Trautschold, on ìntermediate varie- 
ties, 346; 

Trees on islands belong to peculiar 
orders, 435. 

- with separated sexes, 113. 

Trifolium pratcnse, 87, 108. 

- incarnatum, 108. 

Trigonia, 372. 

Trilobites, 360. 

——y sudden extinction of, 372. 
Trimen, Mr., on imitating-insects, 
467. 

Trimorphism in plants, 62, 321. 
Troglodytes, 296. 

Tuco-tuco, blind, 149. 
Tumbler-pigeons, habits of, heredi- 
tary, 268. 

Tumbler, young of, 484, 

Turkey-cock, tuft of hair on breast, 
103. 

-, naked skin on head, 208. 

-, young of, inslinctively wild, 

269. 

Turnip and cabbagc, analogous vari- 
ations of, 168. 


Type, unity of, 218. 

Types, succession of, in same areas, 
388. 

Typotherium, 378. 


U 


Udders enlarged by use, 29. 

-, rudimcntary, 490. 

Ulex, young leaves of, 480. 
Umbellifera?, flowers and seeds of, 


157 - 


outer and inner florets 


of, 


225. 

Unity of type, 218. 

Uria lacrymans, 105. 

Use, effects of, under domestica- 
tion, 29. 

-, effects of, in a state of na- 

ture, 147. 

Utility, how far important in the 
construction of each part, 209. 


V 

Valenciennes, on fresh-water fish, 
428. 

Variability of mongrels and hy- 
brids, 326. 

Variation under domestication, 25. 

- caused by reproductive system 

being affected by conditions of 
life, 26, 27. 

- under nature, 58. 

-, laws of, 145. 

—^ correlated, 29, 155, 209. 
Variations appear at corresponding 
ages, 30, 99. 

-- analogous in distinct species, 

. 168.^ 

Varieties, natural, 58. 

-, struggle between, 90. 

-•, domestic, extinction of, 121. 

- transitional, rarity of, 180. 

-, when crossed, fertile, 326. 

- » -> sterile, 325. 

- , classification of, 460. 

Verbascum, sterility of, 302. 

- , varieties of crossed, 325, 326. 

Verlot, M., on double stocks, 292. 
Verneuil, JVI. de, on the succession 
of species, 374. 

Vibracula of the Polyzoa, 249. 

Viola, small imperfect flowers of, 
224. 

-7;—, tricolor, 87. 

Virchow, on the structure of the 
crystalline lens, 193. 

Virginia, pigs of, 98, 

Volcanic islands, denudation of, 

, 337 * 

\ ulture, naked skin on head, 208. 
\V 

Wading-birds, 430. 

Wagner, Dr., on Cecidomyia, 478, 




552 


INDEX 


VVagner, Moritz, on the importance 
o£ isolation, 116 

Wallace, Mr., on orìgin of species, 


-, on the limit of variation un- 

der domestication, 56. 

-, on dimorphic lepidoptera, 61, 


295. 

-, on races in the Malay Archi- 

pelago, 63. ^ 

-, on the improvement of the 

eye, 193- . 

-, on the walking-stick insect, 

236. 

-, on laws of geographical dis- 

tribution, 402. 

-, on the Malay Archipelago, 


437 - . . . , , 

-, on mimetic animals, 467. 

Walsh, Mr. B. D., on phytophagic 
forms, 64. 

-, on equal variability, 168. 

Water, fresh, productions of, 427. 
Water-hen, 189. 

Waterhouse, Mr., on Australian 
marsupials, 126. 

-, on greatly developed parts 

being variahle, 161. 

-, on the cells of bees, 280. 

—^—, on general affinities, 468. 
Watson, Mr. H. C., on range o£ 
varieties of British plants, 63, 74. 

-, on acclimatisation, 153. 

-, on flora o£ Azores, 410. 

, on Alpine plants, 413. 

-, on rarity of intermediate va- 

rieties, 182. 

-, on convergence, 138. 

-, on the indefinite multiplica- 

tion o£ species, 139. 

Weale, Mr., on locusts transporting 
seeds, 409. 

Web of feet in water-birds, 190. 
Weismann, Prof., on the causes of 
variability, 26. 

-, on rudimentary organs, 493. 

West Indian Islands, mammals of, 


437 - 

Westwood, on species in large 
genera being closely allied to 
others, 73. 

-, on the tarsi of Engidae, 166. 

-, on the antenn® of hymenop- 

terous insects, 454. 

Whales, 236. 

Wheat, varieties of, 124. 


White Mountains, flora of, 412. 
Whitaker, Mr., on lines of escarp- 
ment, 337. 

Wichura, Max, on hybrids, 315,328. 
Wings, reduction of size, 148. 

- of insects homologous with 

branchiae, 195. 

-, rudimentary, in insects, 490. 

Wolf crossed with dog, 268. 

—— of Falkland Isles, 436. 
Wollaston, Mr., on varieties o£ in- 
sects, 64. 

-, on fossil varieties of shells in 

Madeira, 69. 

-, on colours of insects on sea- 

shore, 146. 

-, on wingless beetles, 148, 149. 

-, on rarity of intermediate va- 

rieties, 182. 

-, on insular insects, 432. 

-', on land-shells of Madeira 

naturalised, 443. 

Wolves, varieties of, 103. 

Woodcock with earth attached to 
leg, 409. 

Woodpecker, habits of, 188. 

-, green colour of, 207. 

Woodward, Mr., on the duration of 
specific forms, 347. 

-, on Pyrgoma, 357. 

-, on the continuous succession 

of genera, 367. 

-, on the succession of types, 

389- 

World, species changing simultane- 
ously througliout, 374. 

Wrens, nest of, 296. 

Wright, ISIr. Chauncey, on the 
giraffe, 231. 

-, on abrupt niodifications, 260. 

Wyman, Prof., on correlation of 
colour and effects of poison, 30. 
-, on the cells of the bee, 282. 

Y 

Youatt, Mr., on selection, 46. 

-, on sub-breeds of sheep, 50.^ 

-, on rudimentary horns in 

young cattle, 494. 

Z 

Zanthoxylon, 227. 

Zebra, stripes on, 171. 

Zeuglodon, 379. 
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